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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
noi-governmental, in liaison with 1SO, also take part in the work. ISO collaborates closely with the
Intgrnational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization,

Intgrnational Standards are drafted in accordance with the rules given in the ISO/IEC Diregtives, Part 2.

The¢ main task of technical committees is to prepare International Standards. Drafttnternational| Standards
adeted by the technical committees are circulated to the member bodies forOvoting. Publication as an
Intgrnational Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subje¢t of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISQ 13628-15 was prepared by Technical Committee ISO/TC,67, Materials, equipment ang offshore
striictures for petroleum, petrochemical and natural gas industries, Subcommittee SC 4, DOrilling and
praduction equipment.

ISO 13628 consists of the following parts, under the géneral title Petfroleum and natural gas irldustries —
Degign and operation of subsea production systems:

— | Part 1: General requirements and recommendations

— | Part 2: Unbonded flexible pipe systems-for subsea and marine applications
— | Part 3: Through flowline (TFL) systems

— | Part 4: Subsea wellhead and‘tree equipment

— | Part 5: Subsea umbilicals

— | Part 6: Subsea-production control systems

— | Part 7: Completion/workover riser systems

— | Part;8-Remotely operated tools and interfaces on subsea production systems

— L Rart 9: Remotely Operated Tool (ROT) intervention systems

— Part 10: Specification for bonded flexible pipe

— Part 11: Flexible pipe systems for subsea and marine applications

— Part 15: Subsea structures and manifolds

A Part 12, dealing with dynamic production risers, a Part 14, dealing with high-integrity pressure protection

systems (HIPPS), a Part 16, dealing with specification for flexible pipe ancillary equipment, and a Part 17,
dealing with recommended practice for flexible pipe ancillary equipment, are under preparation.
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INTERNATIONAL STANDARD

ISO 13628-15:2011(E)

Petroleum and natural gas industries — Design and operation
of subsea production systems —

1

Thi

Scope

s part of ISO 13628 addresses recommendations for subsea structures”and manifolds,

frameworks set forth by recognized and accepted industry specifications and)standards. As such,

suf
Thi
pra
SYyS
Eq

a)

ersede or eliminate any requirement imposed by any other industry speCification.

s part of ISO 13628 covers subsea manifolds and templates utilized for pressure control in b
duction of oil and gas, and subsea injection services. See<Figure 1 for an example of such
tem.

lipment within the scope of this part of ISO 13628 is listed below:

the following structural components and piping systems of subsea production systems:

— production and injection manifolds,

— modular and integrated single satellite and multiwell templates,

— subsea processing and subsea boosting stations,

— flowline riser bases ahd éxport riser bases (FRB, ERB),

— pipeline end mahifolds (PLEM),

— pipeline end-terminations (PLET),

— T-and’Y-connection,

—, ‘subsea isolation valve (SSIV);

b)

within the
it does not

bth subsea
a subsea

the followina structural components of subsea production svstem:
~J Ll Ll J

c)

— subsea controls and distribution structures,
— other subsea structures;

protection structures associated with the above.

© 1SO 2011 — All rights reserved
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The following components and their applications are outside the scope of this part of ISO 13628:

NOTE
API Spec 2C.

P

Mmoo W >

pipeline and manifold valves;

flowline and tie-in connectors;

choke valves;

production control systems.

tree

and

cluster manifold
PLEM

PLET

inline tee

multi-phase pump skid

Figure 1 — Example of some typical subsea structures
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Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 3183, Petroleum and natural gas industries — Steel pipe for pipeline transportation systems

ISO 3834-2, Quality requirements for fusion welding of metallic materials — Part 2: Comprehensive quality
requirements

1S(

1S(

1S(
chr

1S(

1S
SYS

1S(
prg
Clg

1S(
Pa

1S(
Pa

IS(

1Sq
en

1SQ
tra

ISQ
prg

IS¢
prg

D 9606 (all parts), Qualification test of welders — Fusion welding
D 9712, Non-destructive testing — Qualification and certification of NDT personnel — General pr

D 10423, Petroleum and natural gas industries — Drilling and production equipment — We
istmas tree equipment

10474, Steel and steel products — Inspection documents

13628-1:2005, Petroleum and natural gas industries — Design.and operation of subsea
tems — Part 1: General requirements and recommendations

D 13628-1:2005/Amd 1:2010, Petroleum and natural gas industries — Design and operation
use 6

D 13628-4, Petroleum and natural gas industries —Design and operation of subsea production
t 4: Subsea wellhead and tree equipment

D 13628-8, Petroleum and natural gas industries — Design and operation of subsea production
t 8: Remotely operated tools and interfaces’on subsea production systems

D 14731:2006, Welding coordination - Tasks and responsibilities

D 15156 (all parts), Petroleum and natural gas industries — Materials for use in H,S
ironments in oil and gas preduction

D 15590-1, Petroleum'\and natural gas industries — Induction bends, fittings and flanges f
psportation systems<= Part 1: Induction bends

D 15609 (all parts), Specification and qualification of welding procedures for metallic materials
cedure specification

D 15614-(all parts), Specification and qualification of welding procedures for metallic materials
cedure test

duction systems — Part 1: General requirements and\ recommendations — Amendment 1:

nciples

lhead and

production

of subsea
Revised

systems —

systems —

-containing

or pipeline

— Welding

— Welding

EN 473, Non-destructive testing — Qualification and certification of NDT personnel — General principles

EN 1418, Welding personnel — Approval testing of welding operators for fusion welding and resistance weld
setters for fully mechanized and automatic welding of metallic materials

EN 10228-3, Non-destructive testing of steel forgings — Part 3: Ultrasonic testing of ferritic or martensitic steel
forgings

AS

AS

ME B31.3, Process Piping

ME V, 2007, Boiler and Pressure Vessel Code (BPVC), Section V, Nondestructive Examination
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ASME VIIl, 2007, Boiler and Pressure Vessel Code (BPVC), Section VIII, Rules for Construction of Pressure

Vessels, D

iv. 1

ASME IX, Boiler and Pressure Vessel Code (BPVC), Section IX, Welding and Brazing Qualifications

ASNT SNT-TC-1A, Recommended Practice No. SNT-TC-1A, Personnel qualification and certification in
nondestructive testing

ASTM A388, Standard Practice for Ultrasonic Examination of Steel Forgings

ASTM E5

ASTM G458
Related Al

NS 477, W

3 Term

’), Standard Test Method for. nnfnrmining \lolume Eraction hy defnm:n‘in Manual Point Count

, Standard Test Methods for Pitting and Crevice Corrosion Resistance of Stainless Steels
oys by Use of Ferric Chloride Solution

elding — Rules for qualification of welding inspectors

s, abbreviated terms, and definitions

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

3.1 Tern

3.141

ns and definitions

carbon steel

and

full range ¢f carbon, carbon-manganese and low-alloy steelswuséd in the construction of conventional oilfleld
equipment

3.1.2

corrosioniresistant alloy

CRA

alloy that Js intended to be resistant to general and localized corrosion in oilfield environments that jare
corrosive tp carbon steels

NOTE This definition is in accordaneewwith 1ISO 15156 (all parts) and is intended to include materials such| as
stainless stgels and nickel base alloys. Other ISO documents can have other definitions.

313

driven pil¢g

jetted pile

typically a|tall steel cylindrical structure, with or without internal stiffener system, used to support subsea
structures

NOTE Driven piles are usually driven into the sea-floor with impact hammers, while jetted piles rely on jetting the|soil
at the lowerlend of the pile.

314

inline tee

system of piping and valves used to make a subsea connection at the middle of a pipeline, and generally
integral to the pipeline

NOTE

3.1.5

The pipeline may be used to transport produced fluids or to distribute injected fluids.

low-alloy steel
steel containing at least 1 % and less than 5 % of elements deliberately added for the purpose of modifying

properties

© 1S0O 2011 — All rights reserved
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3.1.6

manifold

system of headers, branched piping and valves used to gather produced fluids or to distribute injected fluids in
subsea oil and gas production systems

NOTE A manifold system can also provide for well testing and well servicing. The associated equipment can include
valves, connectors for pipeline and tree interfaces, chokes for flow control and TFL diverters. The manifold system can
also include control system equipment, such as a distribution system for hydraulic and electrical functions, as well as
providing interface connections to control modules. All or part of the manifold can be integral with the template or can be
installed separately at a later date if desired. Manifold headers can include lines for water or chemical injection, gas lift and
well control.

3.116.1
clllster manifold
strficture used to support a manifold for produced or injected fluids

NOJTE There are no wells on a cluster manifold.

347

mydmat
typjcally a shallow structure used to support a subsea structure by distributing the load to the seabed via a
ctural plate or shallow skirt

syqtem of headers, piping and valves used to gather produced fluids or to distribute injected fluidg in subsea

sygtem of piping and valves, generally integral to the pipeline, used to make a subsea connection|at the end

NOJTE 1 Typically, a PLET has only ene’subsea connection.

NOITE 2  The pipeline can be used'to transport produced fluids or to distribute injected fluids.

index that existsyin/several variations and usually based on observed resistance to pitting of| corrosion-
resistant alloysin:the presence of chlorides and oxygen, e.g. as found in seawater

NO[TE Though useful, these indices are not directly indicative of the resistance to produced oil and gas ervironments.
Thg most'eommon examples are given in Equations (1) and (2):

FPREN—HorrSrep—+—+o4y (1)

Jeren = Wer + 3.3(Wyo + 0,5wyy) + 16wy (2)
where

wg,  is the mass fraction of chromium in the alloy, expressed as a percentage of the total composition;

Wy IS the mass fraction of molybdenum in the alloy, expressed as a percentage of the total composition;
wy is the mass fraction of tungsten in the alloy, expressed as a percentage of the total composition;

wN is the mass fraction of nitrogen in the alloy, expressed as a percentage of the total composition.

© 1SO 2011 — All rights reserved 5
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3.1.1

protection structure

independent structure that protects subsea equipment against damage from dropped objects, fishing gear and
other relevant accidental loads

3.1.12

riser base

structure that supports a marine production riser or loading terminal, and that serves as a structure through
which to react to loads on the riser throughout its service life

NOTE A riser base can also include a pipeline connection capability

3.1.13
sealine
subsea floyline

3.1.14
sour service
service in H,S-containing fluids

NOTE In this part of ISO 13628, “sour service” refers to conditions where the H,S content is such that restrictiong as
specified in ]SO 15156 (all parts) or NACE MR 0175 apply.

3.1.15
suction pi}j

typically a fall steel cylindrical structure, open at the bottom and normally closed at the top, with or withouf{ an
internal stiffener system and used to support subsea structures

NOTE A suction pile is installed by first lowering it into the soil to self-penetration depth (i.e. penetration dug¢ to
submerged [pile weight). The remainder of the required penetration is achieved by pumping out the water trapped ingide
the suction pile.

3.1.16
sweet seryice
service in H,S-free fluids

3.1.17
template
seabed strlicture that provides guidance and support for drilling and includes production/injection piping

NOTE 1 A template typically_’comprises a structure that provides a guide for drilling and/or support for other equipmgnt,
and provisigns for establishing)a foundation (piled or gravity-based), and is typically used to group several subsea wells
(modular manifold) at a single-seabed location.

NOTE 2  |Production™from the templates can flow to floating production systems, platforms, shore or other renjote
facilities.

NOTE 3 Templates can be of a unitized or modular design.

3.1.171
modular template
template installed as one unit or as modules assembled around a base structure (often the first well)

NOTE If installed as one unit, the template is of a cantilevered design. If installed as modules, these modules can be
of cantilevered design.

3.1.17.2

drilling template
multi-well template used as a drilling guide to predrill wells prior to installing a surface facility

6 © 1SO 2011 — All rights reserved
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subsea, with individual risers back to the surface.

3.1

18

type 316
austenitic stainless steel alloy

EXAMPLES UNS S§31600/S31603.

3.1

19

type 6Mo

The wells are typically tied back to the surface facility during completion. The wells can also be completed

auy

tenitic stainless steel alloy having PREN > 40 mass fraction and Mo alloying > 6,0 % mass){r:

nickel alloy having a Mo content in the range 6 % mass fraction to 8 % mass fraction

3.1.20

type 22Cr duplex

ferfitic/austenitic stainless steel alloy with 30 < PREN < 40 and Mo > 1,5 % mass fraction
EXAMPLES UNS S31803 and S32205 steels.

3121

tyde 25Cr duplex

ferritic/austenitic stainless steel alloys with 40 < PREN < 45

EXAMPLES S32750 and UNS S32760 steels.

3.1I|.22

verification

cofffirmation that specified design requirements have been fulfilled, through the provision o
eviflence

NOJTE Typically verification is achieved by calCulations, design reviews, and hydrostatic testing.

3.1.23

validation

corffirmation that the operational requirements for a specific use or application have been fulfilled, t

hction, and

f objective

hrough the

prgvision of objective evidence

NO[TE Typically validatien is“achieved by qualification testing and/or system integration testing.
3.2 Abbreviatedterms

ACICP ASNT Central Certification Program

AP American Petroleum Institute

ASME American Society of Mechanical Engineers

ASTM American Society for Testing and Materials

ASNT American Society of Nondestructive Testing

AWS American Welding Society

BOP blowout preventer

BPVC Boiler and Pressure Vessel Code

CE\w carbon equivalent, based on the International Institute of Welding equation

© 1SO 2011 — All rights reserved
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CEPcm

CRA
DAC
DNV
EWF
EN
FBH
FIV

FL
GMAW
GTAW
HAZ

HAZOP

HIP
IDS
W
IWE

LP
MAG
MDT
MEG
MIG
NDT
NORSOK
NS
O-ROV
P&ID

PLEM

carbon equivalent, based on the chemical portion of the Ito-Bessyo carbon equivalent equation

corrosion-resistant alloy
distance amplitude curve
Det Norske Veritas

European Federation for Welding, Joining and Cutting

EuropearmiNorm

flat-bottom hole

flow-induced vibration

fusion line

gas metal arc welding

gas tungsten arc welding
heat-affected zone

hazard and operability analysis

diffusible hydrogen, expressed as ml/100 g depositedmetal

hot isostatic pressed

interface data sheet
International Institute of Welding
International Welding Engineer
liquid penetrant

metal-active gas

minimum design temperature
monoethylene glycol

metal-inert gas

nmon=destroctivetesting

Norsk Sokkels

Standards Norway

observation/inspection-class remote operated vehicle
process and instrumentation diagram

pipeline end manifold

© 1S0O 2011 — All rights reserved
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PLET pipeline end termination

PQR procedure qualification record

PREN pitting resistance equivalent number

PSL product specification level

PWHT post-weld heat treatment

RO+ remotely operated-tool

RQV remotely operated vehicle

SAFOP safety and operability analysis

SCM subsea control module

SMYS specified minimum vyield strength

SS|V subsea isolation valve structures

TFL through-flow loop

UNS Unified Numbering System

UT] ultrasonic testing

VI vortex induced vibration

WN weld metal

WRS welding procedure specification

WRQR weld procedure qualification record

W-ROV work-class remotely)operated vehicle

XT christmas tree

4 | Manifoldand template functional considerations
41 General

4.1.1) Manifold system design typically fulfils the following functions:
a) gather production or distribute water or gas from or to multiple production, water, or gas injection wells;
b) direct flow of fluids through manifold headers;

c) contain one or more headers;

d) allow isolation of individual well slots from header;

e) incorporate flowline connections between manifolds and appropriate flowlines and/or test lines;
f)  allow continuity of pigging of flowline system.

© 1SO 2011 — All rights reserved
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4.1.2 The end user should define or approve the following performance and configuration requirements,

including

— maximum dimensions and target weight;

— pressure and temperature ratings;

— equipment interfaces;

— process and instrumentation diagrams (P&IDs);

— materi
— water

— design
— geoteq

—  metoc]

als requirements;
Hepth;
life;
hnical and geophysical data;

pan data;

— droppg¢d-objects protection requirements;

— over-t
41.3 Al
— compl
— be deg
— be cor
— be fun

Subsea pr
developmg

414 M3

awling requirements including special fishing gear loads (snag loads) for the geographic region.
equipment should

 with the latest revision of end user's product requirements;

igned to the pressure and temperature ratings;

npatible (dimensions and mass) with handling and installation capabilities of the installation vess
ctional and fit for purpose for specified operating environment.

pduction or injection manifolds should be located in proximity to production or injection wells of f
nt.

terial selection ferZindividual components, including all seal materials, should meet

requirements of ISO 13628-1.¢oncerning

— produ

— expos

tion, injection-fluids, and completion fluids for wetted areas;

Lire torchemical injection and service fluids. This applies equally to seal materials.

NOTE

For.the purposes of this provision, ANSI/API RP 17A is equivalent to ISO 13628-1.

W

eld

the

Manifolds typically provide termination points for flowlines.

Subsea tree tie-ins may be directed to flow product into or out of a flowline system by remotely or manually

functioning

valves on a manifold.

4.2 System requirements

The flexibility to meet various production scenarios (e.g. “retrofit”’ installation of pumps, separators and other
modules) and possible future expansions should be considered. For each design, potential future
requirements should be addressed, and it should be clearly explained how the manifold system is prepared for

implementi

10

ng the identified functions.

© 1S0O 2011 — All rights reserved
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The following considerations related to structures and modules should be addressed:
— transportation, lifting, installation (inclusive of potential levelling), abandonment;
— flowline pull-in, connection and testing;

— well drilling, completion, workover and XT installation;

— precommissioning and commissioning;

— [Tproguction/injection start-up and-production/mjectiorn;

— | injection of chemicals, such as emulsion, scale, wax and corrosion inhibitors;
— | methanol or MEG injection for hydrate control;

— | thermal performance;

— | annulus bleed operations;

— | well testing;

— | barrier testing;

— | planned and emergency shutdowns of wells and manifold;

— | pressurization and depressurization of piping system,

— | pigging of flowlines, such as for gauge and cleaning operations;

— | ROV/ROT inspections and interventions;.inclusive of module replacement;
— | sand/pig detection facilities inspection;

— | well interventions;

— | potential hook-up of retrefit-installed modules and components;

— | seawater ingress.during tie-in operations;

— | corrosion protection;

— | erosion\protection;

— | waltthickness measurement;

— fluid flow rate;
— pressure drop through piping system;
— fluid composition;

— fluid flow regimes (slugging).

© 1S0 2011 — All rights reserved 11
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4.3 System Interfaces

4.3.1 The system interfaces should maintain integrity and functionality in the service conditions and take
into account the following:

4.3.2 Interface data sheets and outllned mstallatlon procedures for Crltlcal external mterface areas shquld
be provide 4

internal and external pressure;

simultaneous expansion and contraction on the same structure, whether the structure is an XT, a module,
a template or a manifold;

zero egtermatteakageandseawater myress;
toleramce loops for interface make-up;
internal and external temperature variations;
structyre for protection against dropped objects and fishing gear;
impact from dropped objects and fishing gear;
short- fand long-term structure settlement;
maring growth;

corrosjon and erosion;

scaling on subsea mate-able surfaces;
potentjal formation of hydrate;

installation loads;

pull-injJand connection loads;

projected product lifespan;

serviceability;

protection from ROV impactioads;

subsep controls connection systems;

chemigal injection requirements.

dimensions as applicable. Areas that as a minimum, should be covered are

12

interfaces towards the well system, including maximum conductor angle, hang-off weights, lengths of
conductor, BOP envelopes, sequential requirements (sequence and number of wells that can be drilled
before design load capacity is achieved), limitation on mud pressure/flow during drilling out the conductor,
cement/grouting strength, well growth, wellhead design, etc.;

interfaces towards marine contractor (equipment mass and size, lifting height, deck space, load capacity
of tie-in points and structures, installation limitations, sea states, etc.);

interfaces towards flowline jumpers and well jumpers, controls flying leads.
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4.4 Cluster manifold requirements

4.41 General

The cluster manifold consists of a framework that supports other equipment, such as piping, pipeline pull-in
and connection equipment, and protective framing. The cluster manifold commingles flow from a number of
subsea wells into one or more headers. The cluster manifold provides a foundation to sufficiently transfer
design loads into the seabed. The cluster manifold may include the following components; see Figure 2:

— subsea control module;

— | subsea distribution unit; ,\'\

o
— | electrical distribution unit. <O .

442 Ali t Q:),
. ignmen
Qv

The cluster manifold should provide alignment capability for proper physical in ces with other slibsystems,
sugh as connectors and foundations.

4.43 Guidance system

S
\
(3\

The¢ cluster manifold should provide for a guidance system &Jppor’[ operations through the|life of the
insjallation. If guidelines are used, the cluster manifold should provide proper spacing and installation/
malntenance capability for the guide posts. If guideline-le§ ethods are used, the cluster manifold should

ccessfully install key equipment items

prgvide sufficient space and passive guidance capability @

Figure 2 — Typical cluster manifold

4.5 Template system requirements

4.5.1 General

The framework of a template supports equipment such as manifolds, risers, drilling and completion equipment,
pipeline pull-in and connection equipment and protective framing (template and protective framing are often
built as one integrated structure). The template should provide a foundation to sufficiently transfer design
loads into the seabed. See Figure 3.
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4.5.2 Drilling and completion interface

If wells will be drilled through the template, it should provide a guide for drilling, landing/latching capability for
the first casing string, and sufficient space for running and landing a BOP stack. If subsea trees will be
installed, the template should provide proper mechanical positioning and alignment for the trees and sufficient
clearance for running operations.

4.5.3 Alignment

The template should provide alignment capability for proper physical interfaces among subsystems, such as

'y L Ealal pu | sk alal LEL H
Wellhead/tnec, treerMamrort ana 1mMantrora’ Towies:

4.5.4 Gujdance system

The template should provide for a guidance system to support operations through the life of the installation. If
guidelines |are used, the template should provide proper spacing and installation/maintenance capability|for
the guide posts. If guideline-less methods are used, the template should provide sufficient-space and pasgive
guidance dapability to successfully install key equipment items.

Figure 3 — Typical template system

5 Design considerations
5.1 System design

5.1.1 Number of wells

If wells are incorporated into the template or cluster manifold, the number of wells will vary depending on the
site-specific application, and will greatly influence template size and manifold design. The addition of spare
well slots should be considered for contingencies such as changes in reservoir depletion plan, dry holes,
drilling problems and other unforeseen production requirements.
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5.1.2 Well spacing

Well spacing may be governed by the type and size of drilling and production equipment used, the functional
requirements of the manifold, and subsequent maintenance and inspection requirements. Consideration
should be given to providing space for such items as flowline and wellhead connections and their running

tools, and adjacent BOP and production tree clearances. Access should also be provided for inspection and
maintenance tools.

5.1.3 Maintenance

Magntermancets—akey-factorimsystem—design—and-themainterance—approach—shoutd-be—considened early in

the| design of a template/manifold system.

Sofme factors to consider are

—| diver-assisted or remote maintenance methods;

—| the requirement that components be retrievable;

— | clear access space for divers, ROVs or other maintenance equipment;
— | clear markings to allow distinguishing similar components;

— | height above seabed for adequate visibility;

— | system safety with components removed;

— | fault detection to identify failed components.

5.14 Barrier philosophy
See ISO 13628-1:2005, Annex J for additional information on barrier philosophy.

Permanent isolation requirements against external leakage for pressurized systems should be pgrovided by
dodible, pressure-containing bartiers in all applicable external connection points, and in particular

a) | un-utilized end connections or prior to hook-up of XT in combination with pressurized manifold piping:

two pressure bartiers are required, one isolation valve and one pressure plug or cap or two isolation
valves;

b) | prior to hook=up of XT in combination with non-pressurized manifold piping:

one.pressure barrier, in combination with a protection device that retains inhibited fluids to protect the
environmental side of the isolation valve in order to avoid seawater-imposed corrosion of and fouling on
the valve, is required; the pressure barrier can be provided by the manifold branch valve| while the
protection device can be provided by a pressure cap on the hub towards the XT;

c) for diver-mated connections:
It is recommended to have two pressure barriers with a block-and-bleed function.
For temporary, time-limited operations, it can be acceptable to use only one valve for isolating a manifold

pressurized towards the environment. The valve should be checked to ensure it is holding pressure prior to
releasing the outboard barrier, in combination with an overall safety assessment for the activity.
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The closure element of a valve (gate, ball) shall not be permanently exposed to the environment, i.e. an
inhibited volume is required on the environmental side of the isolation valve in order to avoid seawater-
imposed corrosion of and fouling on the valve.

It is recommended that all hubs be provided with high-pressure caps at delivery. Generally, they are required
for testing prior to installation and operation.

NOTE For the purposes of these provisions, ANSI/API RP 17A is equivalent to ISO 13628-1.

5.1.5 Safety

It is important that safety risks be considered for all phases and uses of the manifold system, including:
fabrication] testing, transportation, installation, operation and recovery. See the section on desigh\critéria
safety and|hazards of ISO 13628-1.

NOTE For the purposes of this provision, ANSI/API RP 17A is equivalent to ISO 13628-1.
5.1.6 Exfernal corrosion protection design

External corrosion control can be provided by appropriate materials selection, ceating systems and cathqdic

protection.| A corrosion control programme should be developed during the design phase and incorporated
into the degign of the system.

5.1.7 Templates

51.71 (General

The template design may be based on an integrated or modular system layout. Selection of the template
concept should consider the following parameters:

— field dgvelopment strategy, including future expansion;

— reuse pf exploration wells and predrilling of\wells;

— field development schedule (including'marine operations and rig schedule);
— field irffrastructure;

— onshofe facilities and infrastructure;

— installation vessel availability;

— reuse pf tools.

Shock absorbers or any soft landing devices may be included, as required, in order to allow for speci]ied
maximum landing velacity

5.1.7.2 Integrated template

An integrated template concept may include bottom structure, manifold and protection structure in one unit,
depending on the application and requirements for protection against fishing gear and dropped objects.

5.1.7.3 Modular template

A modular template concept may consist of separately installable/replaceable modules and structures. If
applicable, an additional requirement for moon-pool installable size may be applied.

The manifold can be designed for installation both together with the template and as a separate module.
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5.2 Loads
5.2.1 External loads

5.21.1 Design loads

All applicable loads that can affect the subsea production system during all phases, such as fabrication,
storing, testing, transportation, installation, drilling/completion, operation and removal, should be defined and
form the basis for the design. Accidental loads are project-specific and should be verified by a special risk
analysis for the actual application. Accidental loads can include dropped objects, snag loads (fishing gear,
ang¢hors), abnormal environmental loads (earthquake), etc. The data sheet in Annex A may be us€d to define
applicable loads.

5.21.2 Snag loads

Depign of subsea structures for protection against trawl loads and dropped objects) should be based on the
requirements in ISO 13628-1, and NORSOK U-001 as a basis.

Hopever, due to the fact that fishing gear, in general, has changed in désign and increased in| size/mass
durling recent years, increased trawl-loads protection can be necessary for-Certain fields/projects.

Each project shall do field-specific examination in the early phase in‘order to establish any requirement for use
of increased trawl-loads protection. Both historical data and expectations for the future shall be assgssed.

Th¢ following data shall be established for each project:

a) | historical trawling data for the field/region (tracking.data):

1) category type of trawl equipment,

2) frequency;

b) | expectations for the future;

c) | trawl-loads parameters for thé.subsea structures on the field:
1) trawl net friction, eXpressed in kilonewtons,

2) trawl equipmentpull-over, expressed in kilonewtons,

3) trawl equipment impact, expressed in kilojoules.

Special carg should be taken at small, closed corners on the protection structures with respect to| the risk of

snagging.“Over-trawlability tests should be performed for new structure designs. The scope of these tests
shqulddbe mutually agreed upon with the end user in order to obtain a realistic test.

Forequipment in depths below 750 m, normally accepted as guideline-less, bottom trawling 1s l1ess common.
For locations where it can be documented that no bottom trawling occurs, and is not likely to occur within the
design life of the installations, it is necessary that the equipment be protected only against dropped objects.

5.2.2 Thermal effects

Equipment designs should be capable of functioning throughout the temperature range for which the product
is rated, including allowance for thermal expansion of conductor/wellhead housings. The end user is
responsible for specifying or approving this temperature requirement.
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5.2.3 Templates

If a template structure is selected and drilling loads can be transferred into the structure, the structure should
be able to accommodate all relevant loads addressed in ISO 13628-1, including

— drilling loads;
— thermal expansion of casing;

— combined drilling and thermal expansion loads, including any foundation settlement load effects;

— tie-in Ipads and flowline expansion loads;

— impact loads;

— soil cgnditions and axial stiffness of well system;

— structdral design and stiffness of bottom frame against vertical deflection;

— structyre/well interface design and flexibility tolerances (if any).
NOTE For the purposes of these provisions, ANSI/API RP 17A is equivalent to 1S©/13628-1.

If a templgte solution is chosen where the drilling loads are not transferfed into the template/manifold, fthe
drilling/wel| loads described above may be neglected.

5.3 Piping design
5.3.1 General requirements
5.3.1.1 Manifold systems may provide some orall’of the following functional requirements:

— have sufficient piping, valves and flow controls to safely gather produced fluids and/or distribute injegted
fluids $uch as gas, water or chemicals;

— provide for the connection of flowlines; the manifold typically provides sufficient flexibility to make &and
break these connections;

— be degigned to account for hydrostatic loads due to external pressure;

— have appropriate valve” and line-bore dimensions to allow pigging of flowlines and appropriate manifold
headers;

— provide for the*connection to the tree, if the template includes wells;

_ provid_ for fcefing of individual ulnlle;

— provide for mounting and protecting equipment needed to control and monitor production/injection
operations. This may include a distribution system for hydraulic and/or electrical supplies for the control
system;

— provide for mounting trawling equipment.
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1.2 Recommendations for the piping system include the following.

The piping system should include a length of straight pipe downstream of the choke valve,

in order to

prevent any extensive erosion damage on the bend, connector sealing/contact surfaces, sensors or
similar locations. The minimum length of straight pipe should be seven times the inside piping diameter.

The size (diameter, wall thickness, etc.) of production piping for individual lines and/or combined streams

should be determined from anticipated well flow rates and well pressures.

Fluid velocities should be considered in sizing pipes to reduce pressure drops and control flow-induced

erosion.
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An internal erosion and corrosion allowance should be considered in determining required.wall

Access for NDT activities and insulation application during fabrication should be considered.
2 Applicable piping codes

Hes used in design of piping systems for subsea use are ASME B31.8, -ASME B31.4, AS
ME VIII, DNV-OS-F101, DNV-RP-F112 or APl Spec 1111. One or more of these codes can be u

rication to operation should be considered.

.3 Pigging

en pigging with gauge plates for internal diameter, vérification of the manifold header
ommended acceptance criterion is 95 % of nominal internal diameter (ID), i.e. the diameter of

uld consider ID variations, fitting spacing and special branch connections.

L4 Erosion

ical flow velocity introducing erosion in;the piping can be calculated as given in ANSI/API RP 1
culations can be used to determing® critical production rates and/or to calculate the requir
wance for the manifold piping. The Tontractor should identify critical areas in the piping exposed
reased bend radius and fitting.design can be utilized to mitigate erosion effects. Areas may be p
asurements by ROV of production piping wall thickness.

L5 Flow assurance

e manifold should-be designed to avoid/minimize low points, dead ends and locations of pos
umulation. For-€xample, a tilted manifold header that drains header fluids out from the manif
d as a _measure to prevent hydrate formation in the manifold. Additional general flow
siderations’ can be found in 1SO 13628-1:2005, Annex |. Special considerations may be giv
ducing~manifolds regarding distribution of MEG, etc., related to “uphill/downhill” and “dead |
ual piping system.

thickness.
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5.4 Structural design

5.4.

1 General

&

5.4 Subsea structures should be designed as given in the relevant standards such as I1ISO 19900,
ISO 19902 and API RP 2A. Structural components (i.e. pad eyes, lift columns, braces/supports, foundation
elements, etc.) and welds joining them shall be classified (i.e. design class or material class) based upon the
consequence of failure, degree of redundancy, joint complexity, levels of stress and fatigue. The classification
shall be used to determine

material selection (steel category);
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— joint design;

— welding requirements;

— typea

5.4.1.2

nd extent of inspection (inspection category).

The two approaches from ISO 19902, for example, provide detailed guidance for design
classification and materials selection of jacket structures and can be correlated to manifold structures.

NOTE  ISO 19902:2007, Annex C, descrlbes the material class (MC) approach and Annex D, the deS|gn class (DC)

approach. W M API

standards @nd the DC approach to the EN standards. Welding and inspection reqwrements are specn‘"ed in

ISO 19902:2007, Annexes E and F.

5413 The material selection process shall consider restrictions on the following:

a) general:

— chemital composition (carbon equivalency), for weldability,

— Charply V-Notch (CVN), for toughness,

— SMYSY due to material geometry (thickness);

b) plates|/pad eyes and primary structural members, for which the following minimum material properties pre
typically recommended:

— through thickness tensile testing, “Z” direction, as given in ASTM A770/A770M, 30 % minimum reduction

of area Z-directional properties,

sulfur

ultrasq

controlled to a maximum of 0,006 % with inclusion shape control,

nic testing per SA578, level I, 100 % scan,

— Charply requirements: temperature from the CVN test (TCVN) 41 Nm average/34 Nm minimum at -23 °C
(30 ft/lb average/25 ft/lb minimum at —10 °F) supplements;

c) structyral shapes
— Charpy requirements;-temperature from the CVN test (TCVN) 41 Nm average/34 Nm minimum] at

—23 °C (30 ft/lb average/25 ft/lb minimum at —10 °F) supplements.

Welding rgquirements a@nd“qualifications should be based on acceptable standards, such as ASME BRVC

Section IX]AWS D1,4'and ISO 15614-1.

5.4.2 Bottom frame/guide base/support structure

The structbre—sheutd—transter—alldesigntoads—from—interfacing—systems—and—equipment—to—thefoundation

system.

Loads induced on the guide frame/bottom frame from the well system depend on the following:

soil co

20

nditions and axial stiffness of the well system;

structural design and stiffness of bottom frame against vertical deflection;
structure/well interface design and flexibility tolerances (if any);

casing thermal expansion.
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The structure should ensure sufficient alignment capability for proper physical interfaces between subsystems
such as wellhead/production guide base, subsea tree/manifold and piping system, manifold/flowline
termination and installation aids, protective structure (if relevant) and other relevant interfaces.

The subsea structures may be fixed/locked to the wellhead system, or they may be separated with no direct
fixed connection to the wellhead. Hence, corresponding piping is connected using built-in flexibility in the
wellhead modules and/or manifold module.

The structure should allow onshore assembly and testing of equipment supported by the structure.

W
su
nei

icient space for running and landing of a BOP stack on the corresponding wellhead and ad
phbouring subsea tree.

5.4.3 Protection structure

Thg

e following main design principles should be used for the protection structure design.

The protection structure size should take into account all fabrication," installation and
tolerances (e.g. well expansion) of the protection structure and production’ equipment.

The height of the protection structure should be minimized in ordef 10 reduce the lifting height.

The height should be dimensioned such that deformation ef)thé protection roof caused by droq
impact does not result in physical contact of the roof with the production equipment (e.g. XT
This is not applicable if the production equipment has' a protection roof capable of withst
dropped object impact load requirements.

Water filling of tubular volumes prior to installation offshore should be avoided if practical. If wa|
the tubular volumes is required, it should be carried out in an effective and safe manner. Wher
the filling should be conducted from deckdevel using a quick connector.

ROV access should be provided forlinspection and manipulative tasks, such as valve operati
manifold and XT, without the ne€ed for opening the hatches/covers.

The arrangement of the rodf:hatches should not prevent W-ROV access to the manifold, to ¢
identified for interventjon—tasks, or to adjacent XTs while performing rig operations (d
completion) on a well-slot It should be noted that access with W-ROV to the manifold and XT
opening of the roof-hatches.

Roof hatches<{should be arranged to allow for simultaneous operations (for example, during i
on one well‘sfot, the neighbouring well slot should be protected).

Roof hatches should be made separately retrievable. Any interface permanently left at the sea
be,designed to maintain its functionality upon roof hatch damage and allow for retrieval and rg
of.aroof hatch.
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The protective structure should facilitate the tie-in of any applicable flowline connection syste
tie-in should be effective regardless of selected tie-in system).

The roof hatches may be operable by direct and/or indirect pull, using guide wires with ancho
closing and opening. Pulling requirements should be defined by end user.

Any transport/installation tie-down devices used on the roof hatches should be designed to
take all loads and be easily removable by ROV.

Special attention should be paid to the design of the wire guides on protective covers. It

m (flowline

rs, both for

adequately

should be

possible to easily thread and unthread the wire by ROV when the cover is either fully open or fully closed
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and to check for potential jamming or locking of the wire at any end position. The design should allow for
at least 30° out-of-verticality of the lifting wire in any direction and at any cover position without allowing
the wire to slip out of the wire guide system.

5.5 Foundation design

5.5.1 General

The foundation design should be selected based on site-specific soil conditions. Foundation configurations
that can be utilized include mudmats, skirts, driven piles, suction piles, conductors, or combinations of these. It
is importamt to evaluate subsurface obstacles such as boulders, as well as drilling aspects such as_nud
pressure, hudflow, washout, etc., as part of the selection criteria.

In order to[design the foundation and levelling system, the following should be considered:
— seabefl slope, installation tolerances and effects from possible scouring;
— suctioh loads due to repositioning or levelling;

— use of a foundation system for well-supporting structures, based on support/anchoring on the well
condugtor housings;

— for fogndation and skirt systems, arrangements for air escape dufing splash-zone transfer and water
escapg during seabed penetration, taking into account lift stability and washout of soil;

— design of structures with skirt foundation for self-penetration;
— consideration of skirt-system facilities for suction and pumping for final penetration, levelling and breaking
out prior to removal; the suction and pump systems should be operated in accordance with the selegted
intervention strategy;

— settlement of the structures (installation and Jifetime);

— impact of heat from produced hydrocarbons, particularly if gas hydrates are present.
5.5.2 Regquirements

5.5.2.1 General
The foundption design should be able to withstand loads from tie-in of flowlines, spool-pieces, pipelines,
umbilicals fand other flowlines. For templates, all such loads should be accommodated prior to drilling @and
completion.

A system fpr measuring well growth and settlement should be considered based on project requirements.

ErOSlon/W' ohuut dUU tU dll”llly OhUU:d bU dAauvLUuUul ItUd fUI ;II thG dUOIuI 1. :f thc d;OtGIIUU bUtVVUUII fUUIIth;UII nd
the well is short and soil conditions are sensitive to erosion/washout, 25 % of the circumference of one
foundation should be considered eroded when drilling through the same conductor (i.e. 25 % of outer skirt
area).

Contingency methods should be established for situations where the foundation fails to penetrate into the
seabed. Contingency solutions include adding weight to assist penetration, or filling grouting into the skirt
compartment. In the latter case, a 50 mm (2 in) injection point and a 50 mm (2 in) vent is usually required on
top of the skirt foundation. A last-resort contingency can be to relocate the structure within a predefined target
area.
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5.5.2.2  Suction piles

A typical analysis for suction piles includes the penetration resistance, the under-pressure required to allow
embedment, and the critical pressure at which the soil plug fails.

Penetration resistance can be calculated as the sum of the side shear and end bearing on the side wall and
any other protuberances. The critical under-pressure is the under-pressure that causes a general reverse
bearing failure at the anchor tip and large soil heave within the anchor. The recommended allowable under-
pressure is defined as the maximum under-pressure that should be applied to the foundation divided by a
safety factor, which is typically a minimum of 1,5. The allowable under-pressure and soil heave are potential
limjtations on pile installation Suction piles should include vent hatches (with documented pressure/suction

capacity) for ease of installation.

Side friction can increase with the passage of time due to soil thixotropic effects and~por¢ pressure
redistribution at the pile interface. This phenomenon is often referred to as “set-up”.

Sugtion piles are not appropriate for gravel seabeds, as ground-water flow limits_suction. Considerations for
sugtion piles include

a) | design considerations:

— closed versus open top,

— inclusion of internal ring stiffeners which affect skin friction,
— installation tolerances (e.qg. tilt, orientation),

— distance between installation locations to avoid.mobilizing disturbed soil;
b) | fabrication considerations:

— pile diameter,

— wall thickness,

— pile length,

— out-of-roundness;

— circularity,

— straightress.

5.52.3 _“Driven piles

Drivémpile foundations provide a large vertical load capacity. Some of the guidance provided in|5.5.2.2 for
suction piles may be applicable for driven piles. The calculation of driven pile capaciies, as developed for
fixed offshore structures, is well documented in API RP 2A. The recommended criteria in APl RP 2A should
be applied for the design of driven piles.

The design of driven piles should consider typical installation tolerances that can affect the calculated soll
resistance and pile structure. Pile verticality affects components of vertical and horizontal loads. Underdrive
affects the axial pile capacity and can induce higher bending stresses in the pile.

5.5.2.4  Skirted structures

Design of skirted structures should consider penetration resistance and horizontal and vertical load
component capacities, and ensure self-righting behaviour during installation.
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For suction skirt foundations, the skirts should, with the exception of the skirt marking, be unpainted in order to
achieve maximum friction between the skirts and the soil. The installed weight of the structure should be
accommodated solely by skirt friction (i.e. without any load resting on the skirt roofs mudmat). A filter mattress
may be installed underneath the mudmat in each suction anchor to facilitate distribution of pressure to the
entire mudmat area.

5.5.2.5 Non-skirted structures

A non-skirted structure should provide enough surface area to support the subsea structure, interfacing
systems and design loads. Corners of the structure should penetrate the seabed to mitigate snagging hazards.

Settling and suction forces during pullout can be greater for non-skirted structures than for skirted structunles,
and should be accounted for in the design.

5.5.3 Leyelling

Generally, [subsea systems require that the equipment (templates, manifolds, etc.) be reaSenably level in their
final positipn for proper interface and mating of the various components and subsystems. Typical levelling
methods ifclude one- and two-way slips between piles and pile guides, jacking~systems at the template
corners, and the active-suction method. A means of level indication may be includéd-on the structure.

Depending on the foundation method, levelling of the structure may be achieved by use of jacks or| by
pumping water in/out of the skirt compartments. A combined solution of-skirts, mudmats and jacks may|be
used.

The levelling system should be able to adjust the inclination within’a tolerance specified by the contractor,
accompanied with documented feasibility of all relevant operatiofis. It should be possible to level the template
within 0,5°| For other structures such as cluster manifolds and\PLEMSs, the final inclination should be less than
1,0°. It is recommended that the foundation be designed for‘a seabed slope of at least 3° or as specified|for
each projeft. Facilities to monitor inclination and offsets,'on the structure should be available on the structure
or the ROV panel with sufficient resolution/accuracy.

If a hydraplic jacking system is selected, the (design should include a method to mechanically lock fthe
structure relative to the mudmat after levelling.

For the suction skirt option, it is recomimended that one ROV-controlled levelling panel be installed on [the
subsea structure or the separate protection structure, and each skirt should be able to operate individuglly.
The panel jshould be connected by piping to each skirt compartment. Consideration should be given to ajoid
visibility problems during operation.

A single independent valvesshould be included on the levelling piping routed to each skirt. Pressure gauges
may be indluded on thed/ROV panel, should be of a readable size, and should be located above the associgted
valve. Eagh compartmént should be monitored, i.e. with one ROV-readable pressure gauge connected to
each compartment piping.

Any requirement’ for levelling of the structure after the first conductor hang-off should be considered Tnd
accounted [for4f required

5.5.4 Grouting system
A stab/receptacle system for contingency grouting of suction anchors should be provided. It is recommended

that the receptacle and stab (a minimum of two stabs) be provided by the contractor supplying the structure.
Considerations should be given to applicable loads from the grouting riser/hose to the connector.
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5.6 Components

5.6.

1 General

ISO 13628-15:2011(E)

Subsea manifolds comprise a number of components, such as valves, controls and connectors. All
components of the manifold system are covered in the scope of other specifications, codes and recommended
practices. These components should be designed, built, tested and qualified according to the applicable
specifications, codes and recommended practices. Table 1 provides a list of applicable industry standards.

5.6

Thq
wit
rep

Table 1 — Ind jards f ifold I

Component

Industry specification

Production/injection valves

ISO 10423 (ANSI/API Spec 6A)
ISO 13628-4 (API Spec 17D)
ISO 14313 (API Spec 6D)

Chokes

ISO 10423 (ANSI/API Spec 6A)
ISO 13628-4 (API Spec 17D)

Control components

ISO 13628-6 (ANSI/API RP 17F)

End connectors

ISO 13628-4(AP1 Spec 17D)

Flanges

ISO 10423 (ANSI/API Spec 6A)
ISO 13628-4 (API Spec 17D)

2 Chemical injection

approved by the end user.

5.6
De
pra
injq

Thq

cted chemicals.

pour peint;

pressure;

.3 Fluid characteristics

b layout and arrangement of the chemical injection piping and valves in the manifold should bg
N respect to reliability, failure modes_@and consequences, offshore system testing, compon
lacement and testing, troubleshooting,,etc. Location of injection points in the manifold headen

5ign of manifolds and piping systems should take into account the fluid characteristics. These fly
duced hydrocarbons_(liquids and gases), formation water, completion fluids, injected water and

b general design characteristics for these fluids are supplied by the end user, and include

evaluated
ent/module
should be

ids include
jases, and

temperature;

chemical composition;

viscosity;

gas/oil/water ratio;

sand/paraffin/hydrates;

corrosivity.
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6 Verification and validation of design
6.1 Design verification

6.1.1 General

Design verification should be performed to ensure that the design output, as defined by the design plan, has
been met.

Design verification can achieved by, but is not limited to,

a) produg¢ing design documentation, such as drawings, specifications and procedures;
b) perforing design calculations as prescribed in Clause 4;

c) perforining design reviews according to 6.1.3;

d) hydrogtatic testing.

6.1.2 Design documentation

The desigr] documentation should include, but is not limited to,

— assenbly drawings (including as-built);

— detail fesign drawings;

— structdral analysis;

— piping|analysis;

— materipl selection analysis;

— specifications and data sheets;

— design review minutes of meeting;

— test procedures and records;

— report|of weights and‘centres-of-mass for system components;
— HAZOP and SAFOP reports;

— operafing/and maintenance manuals:

— storing and preservation procedures,
— planned normal operating modes,
— installation/retrieval procedures,

— spare part lists,

— loadout procedures,

— commissioning/hook-up requirements and limitations,
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6.1

— decommissioning requirements and limitations;

manufacturing data book:
— as-built/as-installed documentation,

— testing reports and records.

.3 Design reviews

ISO 13628-15:2011(E)

De
deq
sta

6.1

6.1
ens

review of design inputs;

establishment of design outputs;

material selection and review;

review of conformance to customer requirements;
shop handling and fabrication;

review of internal interfaces;

review of external interfaces;

establishment of design verification requirements;
establishment of design validation requirements;
review of safety considerations;

ease of maintenance and opetration;

installation issues;

retrieval issues;

intervention analysis, including ROV accessibility.

4 Factory acceptance testing

be

51gn review of the manifold system and components should be performed according to the desigh plan. The
ign plan should be developed as given in ISO 9001, APl Spec Q1, DNV-RP-A203 or other'fecognized
hdard. The design review should include the following elements:

4.1 A comprehensive acceptance test programme should be undertaken at the fabrication site to
ure, that components have been manufactured in accordance with specified requirements. The fest should

narformad-to-a-nradefined-and-anproved-orocedureAnv faillbra chardd be rapnaired-and-—anal nd to f|nd
POt O proat Mttt ppProvy Co—procCaure— 1y tarrarc—ot < Tric—arery oc

the reason for the failure and/or result in a review of the calculated reliability of the system to determine
whether the deviation can be accepted. Factory acceptance testing is generally a multi-tiered approach,
involving individual component checks, subsystem checks (e.g. control system), interface checks and unitized
system checks. Modifications and changes to the equipment during testing and manufacture should be
formally documented.

6.1

4.2 A typical format for a subsea equipment testing procedure can include the following:

purpose/objective;

scope;
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— requirements for fixtures/set-ups, facilities, equipment, environment and personnel;
— performance data;

— acceptance criteria;

— reference information.

6.1.4.3 Factory acceptance testing typically covers the following items:

— individuatcomponent testing;
— assenbly fit and function testing using actual subsea equipment and tools where possible;
— interface checks using actual subsea equipment and tools where possible;
— interchangeability testing;
— hydrogtatic testing:
— includes valve seal checks at operating pressure,
— verifies piping code requirements,
— ddiration according to design code or 1 h (recommended) if not specified,

— includes seal testing of end closures.

6.2 Des

6.2.1 Ge
Design val
— perfor
— perfor
— perfor

Design val
cases, it i

gn validation

neral

dation is achieved by
ming first article testing;
ming qualification testing;

ming system integration testing.

systems under water.

Tests shou

dation is perférmed to ensure that the specific operational requirements have been met. In cerf
5 necessary' to perform wet-simulation testing to prove correct functioning of components and

Idinclude simulations of actual field and environmental conditions for all phases or operations, fi

ain

om

installation*througtrmaimterarnce—Speciatteststam be requiredfor tramdting—ard-transport, dymamic toading,
and backup systems. Performance tests can be appropriate and can supply data on response-time

measurements, operating pressures, fluid volumes, and fault-finding and operation of shutdown systems.

6.2.2 Qualification testing

Individual components, such as valves, actuators and fitting and control system components, should be
qualified independently of the manifold/template system. The manifold/template system should be subjected
to a preapproved qualification test that is defined by the operational limits.
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6.2.3 System integration testing

While the total system integration test is outside the scope of this part of ISO 13628, the manifold system
should be part of the system integration test. The provisions of this subclause are provided as a guideline for
typical testing. The different tests performed during integration testing should be used to check reliability, and
should demonstrate tolerance requirements and correct functioning of the complete system. The purpose of
the test is to simulate all operations that can be done offshore, to the extent practical, and to verify all
equipment/systems related to the permanent seabed installations.

Training of personnel, including familiarization with equipment and procedures, is an important factor during
in’rpgm’rinn test activities This aspect is parﬁmllarly impnr‘rant in order to promote competence qafety and

efficiency during installation and operation activities.

System integration testing typically comprises the following activities:

— | documented integrated function test of components and subsystems;

— | final documented function test, including bore testing and leak testing;

— | final documented function test of all electrical and hydraulic control interfaces;

— | documented orientation and guidance fit tests of all interfacing components and modules;

— | simulated installation, intervention and production mode operations, as practical, in order to| verify and
optimize relevant procedures and specifications;

— | operation under specified conditions, including extfeme tolerance conditions, as practical, |n order to
reveal any deficiencies in system, tools and procedures;

— | operation under relevant conditions, as practical, to obtain system data such as response times for
shutdown actions;

— | testing to demonstrate that equipment'can be assembled as planned (wet conditions as necgssary) and
satisfactorily perform its functions as an integrated system;

— | filling with correct fluids andilubrication, cleaning, preservation and packing as specified;
— | final inspection in order to verify correctness of the as-built documentation;

— | verification of made-up connections for the full operation envelope, e.g. between tree and manifold;
— | functional testof manifold/template using workover control system;

— | running=and retrieving of control pods;

— | pull-in and connection of umbilical (hydraulic/chemical lines and electrical connections) and floylines;

— tolerance check of manifold system after reinstallation;

— pigging operations.

It is important to functionally test all manual-override functions in connection with the above tests. The
purpose of the intervention test is to verify the interfaces and the functions of the ROT system, ROV systems

and tooling, guidepost/minipost replacement and mechanical override of connectors. Tests using any
company-provided items should be performed to verify interfaces and functions.
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6.3 Other comments

A manifold

system and/or components

processes;

should be recorded;

where practicable, should be manufactured using field-proven and qualified materials, components and

are subject to dimensional control to verify conformance with design drawings; acceptable deviations

should
should
It should b

element or
valves in h

7 Mate
71
This claus

gives additional requirements to that code. For installation where a\design code different from ASME B3

applies, th
clause.

All materia
NOTE
Material re

The press
steel or nig

A detailed
identify all

All compo
ISO 10474
of the rele

All materig

rials and fabrication requirements to piping systems

Genleral

be-subjectedtotestmgtosimutateactuat-fretdconditions; wherepracticat;
be preserved and packed as required prior to delivery.
b ensured that the valves do not experience excessive differential pressure across the.main clos

between the conduit and the cavity during pressure testing. This can be ensured by having
blf-open position.

b requirement of that different code shall govern unless ‘this is less stringent than required by

s selections shall be in accordance with the requirements given in ISO 13628-1.
For the purposes of this provision, ANSI/API RR-A17A is equivalent to ISO 13628-1.
uirements for valves and connectors:should meet the requirements of ISO 10423.

Iire-containing parts of the manifold structure should be formed from carbon, low-alloy, stainl
kel alloy as listed in 7.2 and™%,8.

material specification foreach type of product should be established. This specification shall cle
manufacturing and {esting requirements.

hents, including./fasteners, shall be delivered with a material certificate in accordance
Type 3.1.B/EN 10204 3.1 or higher certification (e.g. 3.2 Certification) confirming all requirems
ant component standard and additional requirements of this part of ISO 13628.

Is forpipe, forgings and fittings shall be manufactured and used in accordance with the lig

ure
the

b is based on the use of ASME B31.8 as the governing design code for the piping systems, and

1.8
his

114

arly

vith
nts

ted

product sp

eéifications of the design standard and this clause. Use of other product standards shall be agr¢ed

and approved by the end User.

All carbon and low-alloy steel shall be made by the basic oxygen or electric arc furnace methods, and shall be
fully killed and made to fine grain practice. All carbon steels intended for cold deformation shall be nitrogen-
stabilized, i.e. the Al/N ratio shall be less than 2/1.

The requirements in the remaining subclauses of this clause shall be in addition to or shall replace the
corresponding requirements in the reference standards, as relevant.
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7.2 Pipe and pipe fittings

The pipes and pipe fittings shall be manufactured either by a seamless process hot working steel to form a
tubular product without a welded seam, or by a longitudinal arc-welded process with added filler material.

Carbon and low-alloy steel pipe and fittings shall conform to an appropriate reference standard suitable for the
purpose of the application, for example those listed in Table 2.

The delivery condition of pipes shall be in normalized, thermo-mechanically treated or quenched and
tempered condition. All fittings shall be used in normalized, normalized and tempered, or quenched and

nered-condition elded-pines-should conform-to-the reauirements-o
em d diti Wealded -ni h Id f h 1 f 7 11
Heered ReHHoR—A-BIaeaPiP HOLHE RHOHR-te+Re+egtH-enent -

For welded pipes and fittings, the PQR/WPQR should be qualified in accordance with(1SO 15614-1 or
ASME BPVC IX, and comply with the base material requirements. All welding should .be carfed out by
welders qualified in accordance with ISO 9606, ASME BPVC IX or EN 287-1 and EN 1418.

Table 2 — Reference standards for seamless and welded pipe and,pipe fittings
in carbon and low-alloy steel

Standard Manufacturing process Standard Manufacturing process
ISP 3183 Seamless and welded pipe ASTM A420/A420M Seamless and welded fittings
(ANSI/API Spec 5L) PSL 2
AJTM A333/A333M Seamless and welded pipe ASTM A860/A860M Seamless and welded fittings
EN 10216-3 Seamless pipe — —
EN 10217-3 Welded pipe — —

Stdinless steel and nickel-based alloy pipe shall conform to an appropriate reference standard suitable for the
purpose of the application, for example those flisted in Table 3.

Table 3 — Reference standards for seamless and welded manifold pipe and pipe
fittings in stainless steel alloy

Standard Manufacturing process Standard Manufacturing pfocess
AJTM A312/A312M | Seamless pipe EN 10216-5 Seamless pipe
AYTM A358/A358M | Welded pipe EN 10217-7 Welded pipe
AYTM A790/A790M,~|'Seamless pipe ASTM A403/A403M Seamless and welded fittings
AYTM A928/A928M~ | Welded pipe ASTM A815/A815M Seamless and welded fittings
ASTM B705 Seamless and welded pipe ASTM B366 Seamless and welded| fittings

The_fellowing stainless steels and nickel alloys, solid or clad, are applicable to manifold piping (but this list
does not exclude selection of other alloys or material grades):

— austenitic stainless steel, e.g. type 316 and 6Mo;
— duplex stainless steel, e.g. type 22Cr or 25Cr duplex;
— nickel-based alloys, e.g. N06625 and N08825.

All components in austenitic stainless steel grades and intended for welding shall have carbon content
< 0,03 % mass fraction or be stabilized by Nb or Ti alloying.
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For clad pipe, the carbon steel pipe shall conform to an appropriate reference standard suitable for the
purpose of the application, for example those listed in Table 2.

7.3 Forged components

Forgings for pressurized components shall conform to an appropriate reference standard suitable for the
purpose of the application, for example those listed in Table 4.

Table 4 — Material standards for forged pressure-containing components

Material type ASTM standard EN standard ISO standard
A182/A182M,
A350/A350M,
Carbon or low-alloy steel A508/A508M, 10222-4 15590-3
A694/A694M,
A707/A707M
Type 22/25Cr duplex A182/A182M 10222-5 —
Austenitic stainless steel A182/A182M 10222-5 —
Nickel alloys B564 — —

In addition[to the requirement listed in Table 4, all components shall be forged to a reduction 4:1 in the product
forging opgration and heat-treated in or as close to near-net shape as.practicable.

The hot isgstatic pressed (HIP) process as given in ASTM A988/A988M is an acceptable alternative to fording.

7.4 Chemical composition and weldability
The materjial should have weldability suitable for all stages of component manufacture, fabrication and

installation| Carbon and low-alloy steels intended_for sour/non-sour service should have the limitationg in
sulfur contgnt as specified in Table 5.

Table 5 — Limitations.in'sulfur content, S, in carbon and low-alloy steels

Sulfur content
Type of product S
% mass fraction
Non-sour service Sour service
Rolled plate‘products §<0,015 §<0,003
SeamleSs pipe §<0,015 $<0,010
Faor@ed products §<0,025 §<0,025

For carbon and low-alloy steels that are heat-treated by the quench-and-tempering or normalization-and-
tempering process and subjected to PWHT during fabrication, the selected minimum tempering temperature
shall be sufficiently high to allow PWHT and still meet the minimum specified mechanical properties.
Alternatively, the base material may be tested in the simulated PWHT condition.

The nitrogen content of UNS S31803 should be in the range 0,14 % to 0,2 % mass fraction.
The susceptibility of carbon and low-alloy steels to hydrogen cracking in the heat-affected zone shall be

controlled by limiting the allowable value of the carbon equivalent of the steel material and/or performing post-
weld heat treatment to meet the specified maximum hardness after welding.
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7.5 Test sampling of base materials

7.5.1 General
The test sample for production testing should realistically reflect the properties in the finished product. The test

samples should be taken in accordance with the relevant pipe, fitting or forged component standards listed in
Tables 2 to 4.

7.5.2 Test sampling of forgings and hot isostatic pressed components

A test lot shall contain components of the same type, manufactured according to the same mapufacturing
method, from the same heat of steel and heat-treatment load.

The test sample should be selected from the component having the heaviest wall thickness.within the lot.

The¢ test sample should be taken from a sacrificial component or from a prolongatien’at one of the following
pogitions:

— | at a cross-section thickness, T, representing the area of the part with maximum stresses, e.g. the welding
end, at mid-wall and at least 7'or 50 mm (2 in), whichever is more, fromthe end face;

— | at the heaviest cross-section, T, of a product, at least 7/4 below-the surface and at least 7 pr 100 mm
(4 in), whichever is less, from any second heat-treated surface:

Separate test blocks, in accordance with requirements inNISO 10423 for qualification test cqupons are
acgeptable if agreed with the end user.

For hot isostatic pressed (HIP) manufactured products,-integral test blocks should be made. These[should not
be parted from the HIP component until after all heat‘treatment is completed.

A

mechanical testing should be performed after final heat treatment of the product.
7.6 Mechanical and corrosion testing of base materials

7.6.1 General

Alljmechanical testing should’be carried out in accordance with the applicable ISO, EN or ASTM standards
referred to in the produgt 'standards listed in Tables 2 to 4.

7.6.2 Tensile testing

A

—

east one(1)tensile test specimen should be tested per test lot.

Th¢ tensile test specimens should be taken in the longitudinal or transverse direction as defined by| applicable
prdddet standards; see Tables 2 to 4.

7.6.3 Charpy V-notch impact requirements

All products in ferritic, ferritic-austenitic and martensitic steel should be impact-tested per test lot, for products
with wall thickness 6,0 mm (0,25 in) or greater. One test shall consist of three (3) specimens. Full-size
specimens should be used whenever possible. When sub-size specimens are used, the specimen width
should not be less than 5,0 mm (0,20 in).

The impact test specimens should be taken in the direction transverse to the primary wrought direction, except
for components whose dimensions prohibits the use of full-size transverse specimens.
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The test temperature for components in carbon and low-alloy steel, and martensitic stainless steels with an
integral weld end, should be the minimum design temperature minus 10 °C (18 °F), or lower. The test
temperature for components not intended for welding should be the minimum design temperature, or lower.

Pipes, fittings and forged components in stainless steel types 22Cr and 25Cr duplex should be impact-tested
at —46 °C (-50 °F) or at minimum design temperature minus 10 °C (18 °F), whichever is lower. If the minimum
design temperature is above the specified test temperature, the test temperature may be increased to the
MDT if agreed with the end user.

NOTE The impact test temperature specified above for duplex stainless steels is consistent with a standardized

quality cont]M_MMaWMMmWMMEﬁ—
Impact tesfing is not required of austenitic stainless steel or nickel-based alloys.

The minimum average absorbed energy from three (3) specimens shall be in accordance with—Fable 6|for
pipes, fittifgs and forgings, including welding zone of welded products. In the heat-affected.zone, the ndtch
should be gt 1 mm (0.04 in) to 2 mm (0,08 in) from the fusion line; and in the weld metal, the'notch should be
at the weld centreline.

Table 6 — Charpy V-notch impact minimum absorbed energy-values

Average value Single value
J (minimum) J (minimum)
Type of steel Transverse Transverse
and weld g and weld L]
metals and Langitudinal metals and Longitudinal
HAZ HAZ
Carbon and low-alloy steels:
36 50 27 38
SMYS 4415 MPa
Carbon, low-alloy and martensitic stainless steels:
40 60 30 45
SMYS 3415 MPa
Duplex stainless steels 40 60 302 45
Reduction fgctors of energy requirements for sub-size specimens are 5/6 for 7,5 mm specimens and 2/3 for 5 mm specimens.
@  Applies|to welded products that receive sélution-annealing after welding.

7.6.4 Hardness testing

Hardness measuring méthods and maximum allowable hardness values shall be in accordance with fthe
selected poduct standard, and with ISO 15156 (all parts) if applicable to sour service.

7.6.5 Migrographic examination

Microstructure examination should be performed on all type 22Cr and 25Cr duplex stainless steel products.

The micrographic examination should be carried out over the region from the surface to the mid-thickness or
at the same position as for impact testing. The area shall be at least 10 mm x 10 mm (0,40 in x 0,40 in). The
ferrite content shall be determined in accordance with ASTM E562 or equivalent, and should be between
40 % to 60 % mass fraction.

The microstructure, as examined at minimum 400x magnification on a suitably etched specimen, should be
free from intermetallic phases and precipitates.

If intermetallic phases and precipitates are reported, acceptance of the material should be based on corrosion
testing or impact testing; see 7.6.3 and 7.6.6.
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Micrographic examination in accordance with 1SO 10423 is applicable to pressure-containing components
made of Alloy 718.

NOTE For the purposes of this provision, ANSI/API Spec 6A is equivalent to ISO 10423.
7.6.6 Corrosion testing

7.6.6.1  Type 25Cr duplex, type 6Mo and other high-alloy austenitic grades

Corrosion testing is applicable to all types of product in type 25Cr duplex, type 6Mo and other high-alloy
augienitic stanless steerls.

Tesgting should be performed in accordance with ASTM G48, method A. The test temperature)shdll be 50 °C
(122 °F) in pickled condition and 40 °C (104 °F) in polished condition and the exposure time shall bg¢ 24 h.

The¢ corrosion test specimen should be taken at the same location as those for impact testing. [Cut edges
shquld be prepared as given in ASTM G48. The specimen shall be pickled before-being weighed and tested.

Pickling may be performed for 5 min at 60 °C (140 °F) in a solution containing 20 % volume fraction
HNO3 + 5% volume fraction HF.

Thé acceptance criteria are
— | no pitting visible at 20x magnification;
— | mass loss < 4,0 g/m2 (0,007 4 Ib/yard?).

7.6.6.2 Type 22Cr duplex (optional)

Cofrosion testing of type 22Cr duplex stainless steel is optional. When specified, testing should be| performed
as fequired in 7.6.6.1 at a test temperature of.25 °C (77 °F) or by agreement. The acceptance criferia are as
defined in 7.6.6.1.

7.1 Non-destructive inspection of components

7.711 Seamless pipes and fittings

Alljlseamless pipes and fittings should be inspected for surface defects. The entire outside surfacg should be
inspected by an appraopriate method defined by the applicable product standard. The welding endg should be
inspected by magnefie, particle or dye penetrant method. Acceptance criteria shall be in accordange with the
applicable reference)standard.

Segmless pipes shall be tested by the ultrasonic method in accordance with 1ISO 3183 PSL 2, |with notch
callbrationste.- type N5. Defects should be removed according to dispositions given in the reference|standards,
buff weld repair is not permitted.

a4daaq
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7.7.2 Welded pipes and fittings

Longitudinal welds of welded pipes and fittings should be 100 % volumetrically inspected in the final heat-
treated condition by radiography or ultrasonic method. The welding ends should be surface-inspected by
magnetic particle or dye penetrant method. Acceptance criteria should be as given in the applicable reference
standard.
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7.7.3 Forgings

Forgings should be 100 % surface-inspected by magnetic particle or dye penetrant method as given in the
standards referenced by the applicable product standard. The testing should be performed in the final
machined condition. Non-machined surfaces shall be appropriately prepared before testing. The acceptance
criteria are those given in ISO 10423 PSL 3 (bodies) or ASME BPVC VIII, 2007, Div. 1, Appendix 6 or 8 as
relevant, or equivalent.

NOTE 1 For the purposes of this provision, ANSI/API Spec 6A is equivalent to ISO 10423.

Carbon or low-alloy steel forgings should be 100 % volumetrically inspected by ultrasonic testing. The testing
shall be pgrformed in accordance with ASTM A388 or EN 10228-3. The acceptance criteria should ibg to
ISO 10423 PSL 3 (bodies), EN 10228-3 quality class 3, or equivalent.

NOTE 2  [For the purposes of this provision, ANSI/API Spec 6A is equivalent to ISO 10423.
Volumetriclinspection of duplex or austenitic stainless steel forgings is recommended. The aser shall specify if
it is requirpd. If this option is specified, the forging should be inspected by ultrasonic\desting as given in
EN 10228-4. The following comments apply to the items listed in EN 10228-4:1999, Settion 4.
a) Scanning with normal probes in two directions is required.

b) Near-gurface examination is not required.

c) Quality class 3 is required for the whole volume of the forging< In addition, any crack or crack-like
indication is unacceptable and any attenuation of the back-wall echo of more than 80 % is unacceptabl

®

d) See a).

e) Not applicable.

f)  The 6/dB drop technique shall be used for the sizing of discontinuities.

g) The rgference block (DAC) technique shall:be used for sensitivity setting. The blocks should be from [the
same [group of materials, in the same heat-treatment condition and with the same sound attenuation| as
the forging, which should be tested.

h) Not agplicable.

i) A wriffen procedure shauld) be established. A description (sketch) of the reference blocks used |for
sensitjvity setting shall bejincluded.

i) Angle|probes shauld be used as specified in EN 10228-4:1999, Section 12. In such cases, the usg of
angle probes using longitudinal waves shall be considered.

k) To belagreed in each case.

Prior to startof the examination, It should be demonstrated that the speciiied FBH SIZes are detectable on the
forgings being examined. The boring should preferably be made by one or more FBH in the forging being
examined, in the longest applicable distance from the probe.

Personnel qualifications shall be in accordance with EN 473 or ASNT-SNT-TC-1A Level ll. For testing of

forgings in duplex stainless steel, the operators shall have documented training in the inspection of forgings in
this type material.

7.7.4 NDT personnel qualifications

Personnel qualifications shall be in accordance with the requirements of 7.11.3.2.
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7.8 Fastener materials

Material for fasteners shall be selected in accordance with the requirements of the applicable design code for
the connection.

Fasteners in contact with the cathodic protection system should, in general, be selected in low-alloy steel.
Fasteners should be of a grade for which the SMYS does not exceed 725 MPa. For further limitations in
material properties, reference is made to ISO 13628-1.

NOTE For the purposes of this provision, ANSI/API RP 17A is equivalent to ISO 13628-1.

S

—

yds and bolts exposed to fatigue loading should have cold-rolled threads.

Fasteners shall comply with the same toughness requirements as for the components being connegted.
7.9 Bending and forming operations

7.91 General

Fabricators of formed pressure parts shall have adequate equipment.for)the forming procedur¢s and the
sulpsequent heat treatment.

The¢ thickness after bending or forming should be not less than: that required by the applicaple design
requirements.

The¢ forming and post-forming heat treatments of thermo-mechanical steels shall be given| individual
conpsideration. Account should be taken of the recommendations of the steelmakers.

In the case of bending of clad pipe, special consideration of the full thermal treatment, including the clad
welding operation to final product, should be taken.

7.92 Cold forming

Components in austenitic stainless “steels and nickel alloys may be cold formed provided the material
prdperties after any cold forming are verified to be within the usage limitations |stated in
ISQ 13628-1:2005/Amd 1:2010\Cold bending or deformation of any other material should not be|performed
unless agreed with the end dser.

Any increase in mechanical strength of the material due to cold deformation shall in no case bq utilized to
incfease the allowable)design stress.

Thé hardnessi~0f any cold-formed metallic material shall conform to the maximum hardness limits in
ISQ 13628-1, and to ISO 15156 (all parts) for items exposed to sour service.

NO[TE For the purposes of these provisions, ANSI/API RP 17A is equivalent to ISO 13628-1.

7.9.3 Hot induction bending

7.9.3.1 General

Hot induction bending of pipe shall be performed in accordance with the requirements given for ISO 15590-1
PSL 2, and the additional requirements given in the remainder of this subclause.

Hot forming by induction heating, bending and quenching down to room temperature by water spray does not
require a new heat treatment, provided the process is successfully qualified and tested as required by 7.9.3.3.

The acceptable degree of oxidation of stainless steels should be agreed between the concerned parties.
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At no time, prior to or during bending, should the pipe contact materials with low melting temperatures, such
as zinc, copper, brass or aluminium.

If full heat treatment, involving an austenitization or solution annealing process, is applied after the induction
bending operation, a prolongation of the bend shall be destructively tested in compliance with the mother pipe
specification. If the mother pipe is delivered in an as-welded condition, the extent of destructive testing shall
include the same testing as specified for the plate and weld procedure qualification by the mother pipe
specification.

7.9.3.2 Essential variables

For all stepls and nickel alloys, the essential variables of the manufacturing procedure specification, (MIPS)
qualification shall be in accordance with ISO 15590-1, except that the maximum permissible variations,shqwn
in Table 7 should apply in general.

Table 7 — Essential variables

Essential variable Maximum permissible variations
Bend radius, R For all radii: Qualifies all larger radii, but no smaller
Forming velocity + 2,5 mm/min, or £ 10,0 %, whichever is greater

1
-

For clad carbon and low-alloy steel bends, the essential variables shall be in accordance with 1ISO 1559(
additionally, any change of the clad welding procedure shall be an essential variable.

7.9.3.3 MPS qualification and production bend testing

Each bend group, as defined by the essential variables (referenced above, shall be qualified in accordance
with ISO 15590-1 and this subclause before commencement of production bending.

All testing|of the qualification and production_bends in carbon/low-alloy steel shall be in accordance with
ISO 15590¢1. For stainless steel, nickel-based alloys and clad carbon/low-alloy steels, the test requiremgnts
defined in Table 8 should apply.

Test samples for micrographic examination, bend, and corrosion testing of stainless steels and dlad
carbon/lowf-alloy steel shall be taken. at the same locations as for tensile testing.

Except where otherwise stated-in this subclause, the testing and inspection methods and acceptance crit¢ria
for induction bends are the'same as required for the applicable mother pipe specification of the same sieel
grade and UNS number;

Dimensionpl contral‘and tolerances shall be in accordance with ISO 15590-1 for all types of material.

Surface hgrdness testing shall be performed in accordance with ISO 15590-1.

The cladding thickness shall be verified by destructive testing at the extrados location. The cladding thickness
should be a minimum of 3 mm (0,12 in) after bending.

For all bends, independent of material type, the bend body shall be visually and surface inspected in
accordance with ISO 15590-1.

Tensile, impact, hardness and bend test specimens shall be taken from the same positions of the bend as
specified for carbon steel in ISO 15590-1. Microstructure and corrosion tests shall be taken from the same
locations as metallography is specified for bends in carbon steel.
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For bends in duplex stainless steel with wall thickness greater than 25 mm (1 in), additional impact testing
shall be performed during MPS qualification testing. In addition to the test pieces sampled 2 mm (0,08 in)
below the outer surface, the same number of specimens shall be sampled 2 mm below inner surface in the
following locations:

transition zones base metal (if applicable);

bend extrados

bend intrados base metal bend weld metal (if applicable).

base metal;

Table 8 — Additional testing of qualification and production bends

for stainless steels, nickel alloys and clad pipe

Typootiest | Duplexss | AUSIENMCSSand | oggaq | Testcondtiofs ana
Tensile T T T " o be speciichiion
Impact T NA T See 7.6.8
Ihrough-thickness NA NA T See 76.4

ardness
Surface hardness® NA NA Tand P See 7.6.4
Migrostructure T T Td See 7.6.p
Cqrrosion TC TC NA See 7.6.6
Bend test NA NA Tb See ASME BPVC(Section IX
Surface NDT Tand P TandP TandP —
VoJjumetric NDT NA NA TandP —

: not applicable

:required for each production bend

T: required for each MPS qualification test bend

I definition of further abbreviations see ISO 15590-1.

10423 PS\3.

The corrosion t€st\is applicable only to stainless steels with PREN > 40.

TE For the purposes of the above provisions, ANSI/API Spec 6A is equivalent to ISO 10423.

The clad layer and interface ta.carbon or low-alloy steel should be tested in accordance with ASME BPVC Section IX.

For clad pipe bends, the-AMIPS qualification should repeat the mechanical testing from the clad WPQR, i.e. side bend 3
s (including HAZ), see’1SO 10423 PSL 3.

The claddingof carbon or low-alloy steel should be 100 % inspected with LP and bond line integrity with UT in acc

nd hardness

brdance with

7.10 Overlay welding and buttering of components

7.1

In this subclause, requirements are given to qualify weld-overlay procedures as

Overlay welding shall be performed with GTAW or pulsed GMAW unless it is agreed to use other methods.

0.1 General

corrosion-resistant overlay;

weld buttering.
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7.10.2 Corrosion-resistant overlay

Qualification of welding procedures weld overlay shall comply with ISO 10423 PSL 3.

Overlay thickness should be at least 3,0 mm (0,12 in) unless another thickness is specified. For the nickel-
based alloy UNS N06625 (AWS ERNiCrMo3), the chemical composition shall comply with 1SO 10423

class Fe10

unless specified otherwise by the end user.

All weld overlay surfaces should be quality controlled in accordance with ISO 10423 PSL 3 unless specified

otherwise.

NOTE

7.10.3 Weld buttering

Buttering o
weld, e.g.
and fabric
extraction

In addition
carried ou
specified s

NOTE
alloy steel ¢

Specific weld details and procedures shall be agreed between:the contractor and the end user.

The thickn
the closurg

All weld by

— 100 %
machi

— 100 %

agreement with the end usef. Acceptance criteria are the same as used for butt welds.

7.11 Wel

7.11.1 Welding qualification requirements

71111

For the purposes of this provision, ANSI/API Spec 6A is equivalent to ISO 10423.

f the weld end of a component that at a later stage will become a part of a pressure<containing |
bs a transition between a corrosion-resistant alloy and a carbon or low-alloy steel, shall be qualit

bf the mechanical specimens.

. The yield and tensile strength of the weld should match the material with the lower minim
rength of abutting materials in the final connection.

A few failures, but with high economic consequence, have occurredvin nickel-based alloy butter welds on |
bmponents. Different solutions are being developed in the industry-

bss should be at least 8 mm (1/3 in) in finished @ondition. The heat-affected zone of the weld caj
weld shall be completely within the buttered-ayer.

ttering should be non-destructively tested as follows:

ning of the bevel. No relevant.indications are allowed on the bevel surfaces.

volumetric testing by ultrasonic and/or radiography methods, including the interface zone

ding and non<destructive testing of piping systems

General

putt
ied

ated as a butt weld; see 7.11. A prolongation should be welded to the‘buttering to facilifate

to the mechanical tests required of a butt weld, one all-weld tensile test shall be prepared @nd

um

pw-

b of

surface testing by magnetic particle or dye penetrant methods, as relevant to the material after

by

Welding procedures for steels and nickel-based alloys should be qualified as given In ISO 15614-1 or
ASME BPVC IX, and the remaining provisions of this subclause.

All weld ov

erlay should be qualified according to ISO 10423 PSL 3 and ASME BPVC IX.

Qualification and use of WPSs is subject to the requirements of ISO 15614-1 or ASME BPVC IX.

7.11.1.2 Non-destructive testing of test welds

All test pieces should be examined visually and non-destructively in accordance with 7.11.3 following any
required PWHT and prior to cutting of the test specimens.

40
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7.11.1.3 Mechanical testing

7.11.1.3.1 General

Companies performing material testing shall have a quality management system. The quality management
system should be in compliance with ISO/IEC 17025 or equivalent.

Mechanical testing shall be performed in accordance with ASME BPVC IX or the relevant part of ISO 15614
and the additional requirements in this part of ISO 13628.

If WWM@W@WWWW&B@WQ may be
pefformed with specimens cut from the same procedure qualification test coupon. The results_of poth retest

spgcimens shall meet the specified requirements.

7.11.1.3.2 Impact tests

Impact testing is required of welds with wall thickness > 6 mm (0,24 in) and shallymeet the requirements of
Table 9.

If tyvo types of material are welded together, each side of the weld should-be impact-tested and shiall fulfil the
requirement for the actual material. The weld metal shall fulfil the requirement for the least stringent of the two
matterials.

Table 9 — Impact test requirements

Material Notch location@® Test temperature Acceptance ctiiteriacd
Carbon steel with 36 J
SMYS < 415 MPa
WM, HAZ MDT or lower
Carbon steel and low-alloy steel 40J
with SMYS > 415 MPa
—46 °C or MDT, 40 J or lateral expansion at
Type 22Cr and 25Cr duplex IM. HAZ whichever is lower least 0,38 fnm

WM: at weld metal centreline;
HAZ: located with the fusion line threugh the centreline of the vertical V-notch, or including as much of the HAZ as posgible.

Root WM and HAZ samples should be taken when weld thickness is greater than 20 mm (4/5 in), and if PWHT is not applied.

No single energy value should be below 75 % of the average requirement.

Reduction factors of lenergy requirements for sub-size specimens are 5/6 for 7,5 mm specimens and 2/3 for 5 mm spedimens.

7.11.1.3.3 “Hardness tests

Hardness testing is required for welds in all carbon and low-alloy steels. For austenitic stainless|steels and
nickel-alloys, hardness testing is required when sour service is applicable in accordance with 1ISQ 15156 (all
parts).

Hardness tests should be made at a macro-section and shall be performed in accordance with ISO 15614-1 or
ISO 15156 (all parts). For qualification of repair weld procedures applicable for sour service, hardness testing
should be carried out as given in ISO 15156-2.

The acceptance criteria used for hardness measurement should be as given in Table 10 and 1ISO 15156 (all
parts).

NOTE Hardness testing carried out as given in ISO 15614-1 is evaluated in order to comply with the hardness test
requirements of ISO 15156-2 and ISO 15156-3.
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Table 10 — Hardness limitations to avoid hydrogen embrittlement under cathodic protection

Material Maximum hardness
Carbon and low-alloy steels for general applications 350 HV/35 HRC/330 HB
(excluding bolting; see Table 6)
Martensitic and supermartensitic stainless steels 325 HV/33 HRC/329 HB?
Ferritic-austenitic stainless steels Hardness has not been shown to be a determining factor in

the sensitivity to hydrogen-induced stress cracking under
cathodic protection, hence no hardness limit is specified.
However, compliance with ISO 15156-3 is recommended.

Austenitic dtainless steels For these materials, hydrogen embrittiement is not
considered an issue under cathodic protection, hence'no
hardness limit is specified.

Nickel alloyis See ISO 15156-3.

@  Based qn 325 HV, hardness conversion to HRC based on ASTM E140, conversion HRC to HBW based on(tests by Foroni Melals
relationship HRC = 43,796 x In(HBW) — 220,86.

b Heat trdatment and weld procedures should be designed to avoid microstructural defects such as sigma-phase in duplex stainless
steels and d¢lta phase in age-hardened nickel alloys.

7.11.1.3.4| Corrosion testing

Welds in gtainless steel type 6Mo, type 25Cr duplex and nickel-based alloys should be corrosion-tested| as
given in ABTM G48, method A. The test temperature shall be 40 €€’(104 °F) and the exposure time shall be
at least 24 |h.

The test shall expose the external and internal surfaces ofithe weld and along the weld. The test specimen
should haye the dimensions of full wall thickness by 25\mm (1 in) along the weld by 50 mm (2 in) across fthe
weld. Cut |ledges shall be prepared in accordance with ASTM G48. The whole specimen shall be picKled

before being weighed and tested. Pickling may be performed for 5 min at 60 °C (140 °F) in a solution of 20 %
volume fragtion HNO3; + 5 % volume fraction HF,

The accepjance criteria are as follows:
— no pitjng at 20x magnification;
— mass |oss should not exceed 4,0 g/m? (0,007 4 Ib/yard?).

Although dptional, welds+in/stainless steel type 22Cr shall be corrosion-tested as defined above if required.
The test t¢gmperature shall be 22 °C (72 °F) or by agreement, and acceptance criteria shall be as defiped
above.

7.11.1.3.5| Microstructural examination

Duplex stainless steel should be examined. The test samples shall comprise a cross-section of the weld metal,
heat-affected zone and the base metal of the pipe. The microstructure shall be suitably etched and examined
at a minimum 400x magnification and should have grain boundaries with no continuous precipitations; the
intermetallic phases, nitrides and carbides should not in total exceed 0,5 % of the examined surface area.

In case of amounts of intermetallic phases greater than the limit stated above, the acceptability of WPQR shall
be based on corrosion and/or impact testing.

For duplex stainless steel, the ferrite content in the weld metal root and in the unreheated weld cap shall be

determined in accordance with ASTM E562 and should be in the range of 30 % volume fraction to 70 %
volume fraction.
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1.1.4 Essential variables

1.1.4.1 General

Requalification of a welding procedure is required on any of the changes in the essential variables listed in
ISO 15614-1, 1SO 15614-5 or ASME BPVC IX, and the additional essential variables listed in 7.11.1.4.2 to

71

7.1

1.1.4.8 of this part of ISO 13628.

1.1.4.2 Base material changes requiring requalification

Th

wh

Th
fra

wh

71
A d
wit
res

7.1

e following changes In base material require requalification of the welding procedure:
change from lower than 24Cr to higher than 24Cr;
change from any other material to type 6Mo;

for type 25Cr duplex with wall thickness < 8 mm, a separate welding procedure qualification
be carried out on the minimum wall thickness that will be welded;

for carbon steels exposed to sour service or with a SMYS above 360-MPa without PWHT: an
carbon equivalent (CEp,, or CE,,y) of more than 0,02 for CEp_,,, and 0,03 for CE,;,y,

e use of Equation (3) is recommended for carbon steels with, a carbon content equal to or g
P % mass fraction:

CE”W =Wwc + WMn/6 + (WCr + WMo +Wv)/5 + (WNI + WCU)/15
ere w, is the percent mass fraction of element x.

b use of Equation (4) is recommended forcarbon steels with a carbon content less than 0,1
Ction.

CEpgm = we + wgif30 + wy,/20 +we /20 + wy;i/60 + we /20 + wy /15 + wy,/10 + 5wy
ere w, is the percent mass fraction of element x.
1.1.4.3 Filler material changes requiring requalification

hange in the specific make or brand may be made, provided a new test piece is prepared in 3

ults of the wield metal impact testing meet the requirements of Table 9.

1.1.414-Welding process changes requiring requalification

A0

est should

ncrease in

reater than

(3)

2 % mass

ccordance

n the WPS fon_impact testing of the weld metal. The tested make or brand may be used, provided the

hanae from sinale-wire to multinle-wire svystem_aor the caonverse requires requalification
~J ~J T 7 7 7 T 1

7.1

1.1.4.5 Heat input changes requiring requalification

For all material types, the maximum variation in heat input shall be + 15%.

71

1.1.4.6 Welding position changes requiring requalification

A change from vertical upward to vertical downward, or the converse, requires requalification.
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7.11.1.4.7 Changes in technique requiring requalification

A change from multi-pass to single-pass technique requires requalification.

7.11.1.4.8 Joint changes requiring requalification

A decrease in bevel angle, for bevel angles less than 30°, requires requalification.

7.11.2 Welding requirements

7.11.21 [General

All welding and related activities should satisfy the requirements of ISO 3834-2 and the( additignal
requirements of 7.11.2 of this part of ISO 13628.

WPS shall|be established for all welding intended for use in the fabrication of piping systems:-The WPS shall
contain thg information listed in ISO 15609 or ASME BPVC IX.

The root pass of welds in stainless steels type 6Mo, type 25Cr duplex and nickel alloys for lines carrying faw
seawater ghall be made with filler metal.

A non-slag-producing welding process should be used for the root pass on all single-sided welds in| all
stainless steels, nickel-based and titanium-based alloys. The same apgplies to single-sided welds in carlpon
steel piping systems with required cleanliness. The system designer or‘end user shall specify such systemgq.
Socket welds shall not be used in pressure-containing piping unless-accepted by the end user.

All fillet we|ds directly welded to pressure-containing piping systems work should be continuous.

No welding is permitted in cold-work areas, e.g. in cold-bent pipe.

Prefabricafion of stainless steels and nickel-based!alloys should be performed in a workshop, or parts ther¢of,
that is resdgrved exclusively for such types of material.

Contamingtion of weld bevels and surrounding areas with low-melting-point metals such as copper, zinc, gtc.,
is not acceptable.

For welding of high-alloy austenitiC)stainless steels with PREN > 40 (e.g. UNS S32654 and UNS S34565), the
requirements given for stainless-steel type 6Mo of this part of ISO 13628 shall apply.

7.11.2.2 Welding coordination

All welding coordination should be as given in 1ISO 14731. The manufacturer should appoint an authorized
welding cgordinator responsible for the contract/project/fabrication site. The responsible welding coordinator
should be gualified as an IWE or as otherwise accepted as given in ISO 14731.

All personnel who carry out one or more welding activities as given in 1ISO 14731 are welding coordinators.
The level of technical knowledge, tasks, responsibility and authority should be defined for each
person/function.

7.11.2.3 Welding inspection and qualification of welding inspectors

Welding inspectors should be familiar with all standards, rules and specifications, and continuously verify that
all requirements and relevant parts in ISO 3834-2 are implemented and followed.

Welding inspection should be performed before, during and after welding. All inspections should be reported
to the responsible welding coordinator.
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The inspection frequency shall be sufficient to report weekly quality status during fabrication, based on
welding inspection reports. Prior to fabrication start-up, the contractor should implement a system for
recording of quality status. Causes for non-conformance should immediately be investigated and corrective
action should be taken to prevent further occurrence. Non-conformance should require documented
investigation/action by the responsible welding coordinator/responsible welding engineer.

Welding inspectors shall be qualified in accordance with NS 477 or EWF/IIW or equivalent.

7.11.2.4 Welder and welding operator qualification

A” lo Lol | [ H 4 ool _lo [H R I ol HI R laYaWaVaYaValll | I—N 1418
UIdllo, WCIUTTS dITUu WTIUNTY UPTTdlUlNS  ollidil VT YQualiiicu 1T avluruarivcc witl't 1oV JoOuvu= T, or

ASME BPVC Section IX, as applicable, or equivalent codes.
7.11.2.5 Welding consumables

7.11.2.5.1 General

All welding consumables shall have individual marking.
All lextra-low- and low-hydrogen consumables for carbon steels and all cefisumables for welding ¢f stainless
stepl type 6Mo, type 22Cr or 25Cr duplex and nickel alloys should be delivered with certification ¢f chemical

andglysis as given in ISO 10474 Type 3.1.B.

Baich testing of the welding consumables is also acceptable, The 'welding and testing shall be carried out as
required for a welding procedure qualification record (WPQR):for the actual material.

Copsumables for other materials and fluxes for submefged arc welding processes shall be dellvered with
cettification according to ISO 10474 Type 2.2.

Hapdling and storage of consumables shall follow the manufacturer's recommendations.

7.11.2.5.2 Carbon and carbon manganese steels

Fotr welding carbon and low-alloy ~steels having SMYS >415 MPa, low-hydrogen type consumables
(Hp = 8 ml/100 g weld metal or AWS H8) or solid-wire consumables should be used.

For water-injection systems-in carbon steel, the root and hot pass should be made using low-alloy
conpsumables containing-either

—1 (0,8 to 1,0) %«dmass fraction Ni; or
—| (0,4 to 0;8)% mass fraction Cu plus (0,5 to 1,0) % mass fraction Ni.

NO[TE This requirement is related to preferential corrosion experienced in weld metal of pipes.

Fo e\/cfnme with _sour service rnmllrnmnnfe \Alnldlnn consumables that nrnrlllr\n a r'lnnncli' cont. |n|ng more

than 1 % mass fraction Ni are acceptable after successful weld sulfide stress -cracking quallflcatlon testing in
accordance with ISO 15156-2.

7.11.2.5.3 Austenitic stainless steels type 6Mo and nickel-based alloys

A matching consumable with enhanced Mo or Cr content compared to the base material should be used. The
sulfur content shall not exceed 0,015 % mass fraction.
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7.11.2.5.4 Duplex stainless steels

A matching consumable with enhanced Ni content compared to the base material should be used. The sulfur
content shall not exceed 0,015 % mass fraction.

Fillet or socket welds should not be made using duplex stainless steel consumables.

7.11.2.5.5 Consumables for joining of dissimilar materials

The filler material used in buttering layer when welding carbon steels to stainless steel type 316 should be as
given in ASMEBPYCHPart €, SFASA E-309Mu ASMEBPYCH,Part €, —SFA 59 ER3069t—or=aickel-
based alloy.

When welding high-alloy stainless steel to carbon steels, the same high-alloy filler metal as used for welding
the stainlegs steel to itself should be used.

When welding stainless steel alloyed with nitrogen, e.g. type 22Cr/25Cr duplex or type 6Mo,/to carbon or lpw-
alloy steel$, it is recommended to use weld consumables without Nb alloying. This is du€ to precipitation of
niobium nftrides, which can have a negative effect on ductility and corrosion-properties, and on fhe
ferrite/austenite structure balance in the HAZ of the duplex alloys.

When PWHT is required after joining austenitic stainless steels to carbon steels, the weld deposit should| be
made using a nickel-based consumable.

7.11.2.6 |nterpass temperature

The approyed range for the interpass temperature shall extend ffom the preheat temperature to the maximum
interpass temperature recorded during the welding of the test piece, or to the following temperatures:

— 250 °¢ maximum for carbon and low-alloy steels;

— 150 °¢ maximum for stainless steels and nickel alloys.

7.11.2.7 PBacking and shielding gas
Back-shielfling gas shall be used for welding of all stainless steel and non-ferrous materials, and should| be
maintained during welding of at least the first three passes. The same requirement also applies for tack
welding.

Shielding gases for welding ‘of)duplex stainless steels should contain less than 0,1 % hydrogen.

When welding duplexsstainless steels, the use of gas mixtures with additions of nitrogen is recommended in
order to maintain weld)root corrosion-resistance properties.

7.11.2.8 Welding of clad materials

When welding clad materials from both sides, the carbon steel should be completely welded prior to welding
the cladding. Carbon steel or low-alloy steel weld metal shall not be deposited onto a high-alloy base material
or weld metal.

7.11.2.9 Welding of o-lets
The weld bevel of o-lets shall be completely filled up to the weld line on the o-lets. Smooth transition between

the pipe and the o-lets is required. Notches below the weld line should be avoided. Prior to welding, sufficient
root gap shall be ensured.
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7.11.2.10 Production test (optional)

A production test programme should be established for the contracted scope of work. Verification of previously
qualified WPSs and weldability of actual material used shall be considered when establishing the programme.

For those materials requiring impact testing, the production tests should include specimens extracted from the
fusion line, FL+2 and FL+5 positions in addition to those required in Table 9.

Production tests, though optional, shall be carried out when specified. Each production test should be carried
out and documented as for the relevant welding procedure qualification test.

7.11.2.11 Post-weld heat treatment

Careful considerations should be made if PWHT involves assemblies with differing material’grades. Special
qualifications shall be considered.

PWHT should be performed for welded joints of carbon and low-alloy steels having.alnominal wall thickness in
thel weld cross-section > 50 mm, unless fracture mechanics testing shows acceptable values in thel as-welded
condition. In cases where the minimum design temperature is less than —16,°C (+14 °F), the thigkness limit
shall be specially determined.

If HWHT is used to obtain adequate resistance of welded joints against any kind of stress corrosion cracking,
thig should be performed for all thicknesses.

Th¢ PWHT temperature shall be at least 20 °C (36 °F) lowei\than the base material tempering temperature,

unless the PQR for the relevant base material is documented-to fulfil minimum specified mechanical strength,
including yield strength, after a simulated PWHT at the relevant temperature.

7.11.3 Inspection and non-destructive testing (NDT) of welds

7.11.3.1 General

Companies performing visual inspection” and NDT activities should have a quality system as given in
ISQ/IEC 17020 or equivalent.

A

[ f|activities covered by 7.11.3Cover final inspection of welded joints.

All jhon-destructive testing should be carried out as given in ASME BPVC V.

7.11.3.2 Qualification of inspectors and NDT operators

Personnel performing visual inspection or non-destructive testing shall be certified for the test method used in
acgordance.with

— | ASME BPVC V or EN 473 for visual inspection;

— 1SO 9712, ACCP or EN 473 for NDT methods.

The roles and responsibilities of NDE personnel shall be as defined in ISO 9712.

7.11.3.3 Extent of visual inspection and non-destructive testing

All pressure-containing welds should be 100 % visually inspected and 100 % non-destructively tested for
surface and volumetric defects. The surface inspection shall be made by either magnetic particle or dye
penetrant methods, and the volumetric testing shall be made by radiography or ultrasonic inspection methods.
This includes all buttering welds.
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Volumetric testing of butt welds from weld o-let to header pipe should be made as far as possible.

Visual inspection should include, in addition to all welds in the piping system, all supports and attachments
welded to the piping.

When gas metal arc welding (131 MIG/135 MAG/GMAW) without pulsed current is applied, ultrasonic testing
should be carried out to verify that there is no sidewall lack of fusion, in addition to radiographic testing.

7.11.3.4 Ultrasonic testing

DAC refergnce—curves—shoutd—be pluduucu' fronrreferenceblocks—whosethickmesses—and—side=drittedHole
diameters are in accordance with Table 11.

Ultrasonic ftesting procedures should be sufficiently detailed to ensure that 100 % of the weld body and heat-
affected zgnes are examined for longitudinal defects as given in ASME BPVC V.

All indicatipns exceeding 20 % DAC should be investigated to the extent that they can be-evaluated in tefms
of the accg¢ptance criteria. The examination report shall include the position, the echo height, length, depth
and type of defect.

Ultrasonic festing of clad pipe, and austenitic and duplex stainless steels requires a’specific procedure; probes
and referepce blocks should be prepared from the actual weld. The procedure used shall be qualified to
demonstrate that relevant defects are detected. Grinding of the weld cap_should be considered dependenfon
the procedure qualification.

Table 11 — Calibration reference block requirements

;{::ngiziﬁf Thickness of
xan}ined ’ blgck Diametnt::nof hep Distance of hole from one surface
mm mm

0<T7<25 20o0rT

25 <T<50 40o0rT 3+0,2

50 < 7< 100 750r T 2 and i/4
100 < T7< 150 125 or T
180 < T'< 200 17500 7 5202 Add|t|onarler2;cc>)lﬁqsmaer§da;g)wed and
290 < T7< 250 2250r T

T>250 2750rT

7.11.3.5 JAcceptance criteria

Th d f 4 l L la U lo H pu | adla. L Wal WimileYs)
€ derteclacceptance teversharn e accordance Wit AoV Do

unless specified otherwise by the designer.

Lo W Y 4 Dl lial D fa) ~
-9, UINAPITT A, THYIT T TTooUlT \JUIVbe,

For surface testing of welds by magnetic particle or liquid penetrant testing, the acceptance criteria shall be in
accordance with ASME BPVC VIII, Appendix 6 and Appendix 8, respectively. No indications are allowed on
sealing band surfaces.

Weld zones in stainless steels and nickel alloys should be visually examined on the inside and outside, and
shall be evaluated as follows.

— Oxidation levels showing light brown to brown colour are acceptable.
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— Oxidation levels showing a narrow band of dark brown colour and intermittent spots of blue colour are
acceptable.

— Darker or more extensive oxidation colours are not acceptable, and should be chemically or mechanically
removed.

7.11.4 Repair

Before repair welding, the defect should be completely removed.

- both NDT

@ should be
confirmed by dye penetrant or magnetic particle testing. PWHT shall be performed after repain if specified for
thel original weld.

Th¢ excavated groove should be at least 50 mm long, measured at defect depth even if the defect itself is
smgller.

Defects spaced less than 100 mm apart should be repaired as one continuous, defect.

After repair welding, the complete weld (i.e. the repaired area plus at least 100 mm on each side) should be
subjjected to at least the same NDT as specified for the original weld.

Repair welding should not be carried out more than twice in the same area. For welds in stainless steel types
6Mp and 25Cr duplex, only one attempt at repair is acceptable.in'the same area.

Reywelding should include complete removal of the original,weld and HAZ.

Repair welding shall be performed using either the same WPS as for the original weld, or a|separately
qualified procedure.

8 | Fabrication and manufacturing considerations

8.1 External corrosion protection

Copsiderations involving external corrosion protection of all components should be as given in ISO [13628-4.

Exfernal corrosion control shall be provided by appropriate materials selection, coating systems, and cathodic
pratection. Cathodicprotection design guidelines are contained in DNV-RP-B401 and NACE RP 0176. A
corfosion controbhprogramme is an ongoing activity that consists of testing, monitoring and replacement of
spgnt equipment.: The implementation of a corrosion control programme is beyond the scope of this part of
ISQ 13628.

8.2 ~Colours

Top coat colours should follow the recommendation in ISO 13628-1:2005, Annex B and ISO 13628-8.

NOTE For the purpose of this provision, ANSI/API RP 17A is equivalent to ISO 13628-1 and API 17H is equivalent to
ISO 13628-8.

8.3 Material traceability

All pressure-containing and pressure-controlling parts of equipment manufactured to this part of ISO 13628
should comply with the requirements of PSL 2 or PSL 3 as given in ISO 10423. These PSL designations
define different levels of requirements.

NOTE For the purposes of this provision, ANSI/API Spec 6A is equivalent to ISO 10423.
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It is not necessary that structural components and other non-pressure-containing/controlling parts of
equipment manufactured to this part of ISO 13628 comply with the requirements of PSL 2 or PSL 3.

9 Installation, operation and maintenance considerations

9.1 Installation requirements

The template or support structure should provide sufficient capability to allow for all installation requirements.
Different types of installation vessel, such as drilling rigs, subsea construction vessels or crane barges, should
be evaluated.

Installation| requirements may include some or all of the following items:
— loadoyt;
— transpprtation to site;

— launch capability;

— crane [capacity;

— buoyancy capability;

— ballasy/flooding system;

— system for lowering to seabed;

— positigning and repositioning capability;
— levelling system;

— foundation interface.

9.2 Operations requirements

9.21 The purpose of 9.2 is toprovide general requirements and recommendations for operation of subsea
production|systems.

9.2.2 ThE following operations are outlined:

— transpprtation and‘handling;

— installation;

— drilling and completion;

— hook-up and commissioning;
— intervention;

— maintenance;

— decommissioning.
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