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reword

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

Anyf trade name used in this document is information given for the convenience of users ar
conktitute an endorsement.

For|an explanation of the voluntary nature of standards, the meaning of ISO specific
expressions related to conformity assessmentlas well as information about ISO's ad
the| World Trade Organization (WTO) principles in the Technical Barriers to Trade
www.iso.org/iso/foreword.html.

procedures used to develop this document and those intended for its further maint
cribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteriamee
brent types of ISO document should be noted. This document was drafted in accordan
orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

draws attention to the possibility that the implementation of this document may invo
h) patent(s). ISO takes no position concerning the evidence, validity or,dpplicability of a
ent rights in respect thereof. As of the date of publication of this document, ISO had n

Fioned that this may not represent the latest information, which n1ay be obtained from
hbase available at www.iso.org/patents. ISO shall not be held reésponsible for identifyin

Thi

carbon energy, Subcommittee SC 6, Process equipment, piping, systems, and related safety, in co

wit
equ
wit

Thi
ISO

Thd

Ali

 the European Committee for Standardization (CEN) Technical Committee CEN/TC 12
fpment and offshore structurkes\for petroleum, petrochemical and natural gas industries, in
h the Agreement on technical cooperation between [SO and CEN (Vienna Agreement).

5 first edition of ISQ 13703-3, together with ISO 13703-1 and ISO 13703-2, cancels af

main changes\compared to the previous edition are as follows:
deletioncof'the installation and quality control requirements of Clause 10;

deletion of previous Annex C as requirements are addressed in ASME B31.3.

5 document was prepared by Technical Committee ISO/TC 67, Oil and gas industries incli

13703:2000. It alsodncorporates the Technical Corrigendum ISO 13703:2000/Cor.1:2002}.

enance are

ded for the
e with the

ve the use
Iny claimed
bt received

ce of (a) patent(s) which may be required to implement this document. However, implenenters are

the patent
b any or all

d does not

terms and
herence to
[TBT), see

iding lower
|laboration
Materials,
hccordance

d replaces

it of all parts in the ISO 13703 series can be found on the ISO website

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

The aim of this document is to establish common requirements for the fabrication, welding, inspection,

examinatio

n and testing of new, metallic process piping systems designed in accordance with the

requirements of ISO 13703-1, and using bulk piping materials in accordance with ISO 13703-2.

This document makes normative reference to ASME B31.3 as the base code for process piping.
Alternative codes to ASME B31.3 exist for the fabrication, welding, inspection, examination and testing
of process piping systems along with the potential need to comply with local or national regulatory/
jurisdictional requirements. The user of this document is expected to assess the implications arising

from local
herein, inc
provides g

uding the need to specify additional requirements to those stated. ASME B31.3, Appendjx N

or national regulatory/jurisdictional requirements in implementing the requiremInts
ion

uidance on its use internationally, and specifically its use within the European U

for which pdditional requirements to those specified in ASME B31.3 will be necessary to meet|the
requirements of Directive 2014/68/EU on the harmonization of the laws of the Member States relafing

to the makjng available on the market of pressure equipment (PED).

This document is not intended to inhibit a user from accepting alternative fabrication, weldjing,

examinatid

n or testing solutions for the individual application. This can be-particularly appropriate

where thefe is innovative or developing technology. Where an alternative~to the requirementf in

this docun

requirements within this document.

ent is offered, the user is expected to review the implications(in meeting the performgnce

Vi

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=df3c9dd2369f5f209ac3b49189b33e0a

INTERNATIONAL STANDARD

ISO 13703-3:2023(E)

Oil and gas industries including lower carbon energy —
Piping systems on offshore production platforms and
onshore plants —

Part 3:

Fa

Thi
and
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Thi
con|

Thi

brication

Scope

5 document specifies requirements for the fabrication, installation, welding) in'spection, e}
testing of new, metallic piping systems, within temperature range limits-for the materig
requirements of ASME B31.3, on fixed and floating offshore production facilities ar
duction, processing and gas liquefaction plants. For piping systems above pressure

ed in this standard.

5 document is applicable to all pressure retaining comipohents and any non-pressur

5 document is not applicable to the following:

marine-related piping systems, e.g. ballasting piping systems, systems covered by cl:
societies;

metallic tubing used for subsea umbilical systems;

NOTE1 Reference can be made-to-ISO 13628-5 or API Spec 17E for welding and examinat
components.

piping systems with corresion resistant cladding (either integrally clad or mechanical
weld overlay, including/buttering and associated dissimilar welds;

NOTE 2  Reference can be made to DNV-RP-B204 for welding and examination of these systen
refractory alleys{with exception of CP titanium Grade 1 (UNS R50250) or Grade 2 (UNS
non-metallje'piping assemblies;

transportation pipeline systems, including flow-lines, designed in accordance with a
pipeline design code.

xamination
Is meeting
)d onshore
flass 2500,

requirements of chapter IX of ASME B31.3 shall be complied with; in addition to the requirements

b retaining

ponent, such as a member of a pipe support, welded ditectly to a pressure retaining component.

issification

on of these

y lined) or

S.

R50400)];

Fecognized

2

Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

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

ISO 8249, Welding — Determination of Ferrite Number (FN) in austenitic and duplex ferritic-austenitic Cr-

Nis
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IS0 9015-1, Destructive tests on welds in metallic materials — Hardness testing — Part 1: Hardness test on
arc welded joints

IS0 9606 (all parts), Qualification testing of welders — Fusion welding

ISO 9712, Non-destructive testing — Qualification and certification of NDT personnel

ISO 10474,
ISO 11666:
ISO 11699

Steel and steel products — Inspection documents

2018, Non-destructive testing of welds — Ultrasonic testing — Acceptance levels

-1_Non-destructive testing — Industrial rndingrnphir inlm — Part 1- (”Incciﬁr‘nfinn nf l

systems for
ISO 14175,
ISO 14344,
[SO 14731,

[SO 14732,
and autom

ISO 15156
oil and gas

ISO 15156
oil and gas

ISO 15609
procedure :

ISO 15614
procedure

ISO 15614
procedure

ISO 15614
procedure

ISO/IEC 17|

ISO 17636
techniques

ISO 17781}
of microstr

industrial radiography

Welding consumables — Gases and gas mixtures for fusion welding and allied processes
Welding consumables — Procurement of filler materials and fluxes

Welding coordination — Tasks and responsibilities

Welding personnel — Qualification testing of welding operators and weld)setters for mechan
itic welding of metallic materials

2, Petroleum and natural gas industries — Materials for use iw H2S containing environmen
production — Part 2: Cracking-resistant carbon and low alldy'steels, and the use of cast iron

3, Petroleum and natural gas industries — Materials foruse in H2S containing environmen
production — Part 3: Cracking-resistant CRAs (corrosion-resistant alloys) and other alloys

pecification — Part 1: Arc welding

est — Part 1: Arc and gas welding of steels and arc welding of nickel and nickel alloys

est — Part 5: Arc welding of titanium, zirconium and their alloys

est — Part 6: Arc and gas.welding of copper and its alloys
025, General requirements for the competence of testing and calibration laboratories

L2, Non-destructive testing of welds — Radiographic testing — Part 2: X- and gamma
with digital.detectors

2017, Retroleum, petrochemical and natural gas industries — Test methods for quality con
Licture’of ferritic/austenitic (duplex) stainless steels

zed

s in

S in

-1, Specification and qualification of welding procedures for metallic materials — Weldling

-1, Specification and qualification of welding procedures for metallic materials — Weldling

L5, Specification and qualification of welding procedures for metallic materials — Weldling

L6, Specification and qualification of welding procedures for metallic materials — Weldling

ray

trol

[SO 18265,

Metallic materials — Conversion ofhardness valiies.
7

ISO 22825, Non-destructive testing of welds — Ultrasonic testing — Testing of welds in austenitic steels
and nickel-based alloys

ANSIZ49.1

, Safety in Welding, Cutting and Allied Processes

API RP 686, Machinery Installation and Installation Design

ASME B31.

3, Process Piping

ASME Boiler and Pressure Vessel Code, Section II, Materials, Part C:2019, Specifications for welding
rods, electrodes, and filler metals

ASME Boiler and Pressure Vessel Code, Section V:2019, Non Destructive Testing

2
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ASME Boiler and Pressure Vessel Code, Section [X:2019, Welding and Brazing Qualifications

ASNT CP-189, Standard for Qualification and Certification of Nondestructive Testing Personnel

ASNT SNT-TC-1A, Personnel Qualification and Certification in Nondestructive Testing

ASTM A380/A380M, Standard Practice for Cleaning, Descaling, and Passivation of Stainless Steel Parts,

Equ

ipment, and Systems

ASTM E140, Standard Hardness Conversion Tables for Metals Relationship Among Brinell Hardness, Vickers
Hardness, Rockwell Hardness, Superficial Hardness, Knoop Hardness, Scleroscope Hardness, and Leeb

Harg

AST

AS'T
Relq

AW
Con

AW
EN
PFI

For

ISO

3.1
alk
sery

3.2
bol
con|

3.3
car
Cg

LArerl

M E1815, Standard Test Method for Classification of Film Systems for Industrial Radiograp}

M G48, Standard Test Methods for Pitting and Crevice Corrosion Resistance of Stainless
ited Alloys by Use of Ferric Chloride Solution

tent of Austenitic and Duplex Ferritic-Austenitic Stainless Steel
5 D10.10/D10.10M, Recommended Practices for Local Heating of Welds in Piping and Tubing

10204, Metallic products — Types of inspection documents

ES-3, Fabricating Tolerances

Terms and definitions
the purposes of this document, the followingterms and definitions apply.

and IEC maintain terminology databases,for use in standardization at the following add}

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

IEC Electropedia: available at https://www.electropedia.org/

aline service
Fice environments containing alkaline compounds such as amines, caustic, carbonates

fed connection
hections with bolts, to allow assembly and disassembly, that uses flanges or clamps as ca

bonr equivalent

y
Steels and

5 A4.2M, Standard Procedures for Calibrating Magnetic Instruments to' Measure the D¢lta Ferrite

esses:

nnectors.

nur
the

hydrogen cracking susceptibility of steel

Note 1 to entry: The carbon equivalent is based on:

% Mn %Cr+%Mo+%V % Ni+ % Cu
Cg=%C+ P + - + T

where all mass fractions are expressed in percent.

©IS
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3.4

closure weld
final weld connecting piping systems, assemblies or sub-assemblies that have been successfully leak

tested, but

that itself is not subject to leak testing

Note 1 to entry: Closure welds include any welds made after leak or tightness testing, such as seal welds to

threaded co

nnections, or repair welds made in the event of a leak that are not subject to further leak test.

Note 2 to entry: Closure welds are often also referred to as ‘golden welds’.

3.5

computer
CIT

manual or
or analysig

3.6

confined s
space that
from hazay

Note 1 to e
internal bad

3.7
cryogenic
service eny

3.8
low-alloy ¢
steel with
P-No. 15E 3

39
extrados
outer curv

3.10
fabricator
organizat
including

Note 1 to
“manufactu

3.11

3= - . 1 .
4LCU 11Ildglllg tCUIguc

encoded ultrasonic examination technique with capability for computer processed)dis
and display of ultrasonic data to provide two or three dimensional surfaces

pace
is substantially but not necessarily entirely enclosed, and where serious injury can oc
dous substances or conditions within the space or nearby (e.g. lack.of oxygen)

king gas dams, and during cleaning, flushing, leak and tightness testing activities.

service
rironments with a minimum design temperature lower'than -104 °C

steel
ignificant alloy additions (e.g. Groups 4 to 6-according to ISO 15608, or P-No. 3 to P-No 5
ccording to ASME B31.3)

ed portion of a bend

n responsible for-the fabrication, welding, examination and testing of piping syst

i
e])ny externally previded products or services

entry: For theVpurposes of this document, “fabricator” is considered interchangeable \

rer”, “erector’;y“employer” or “purchaser” where these terms are used in referenced documents.

fibre elon

ation

blay

cur

htry: Confined space includes access into the internal bore of pipes.to install, inspect and renpove

and

PINS

vith

elongation|duping bending or forming calculated as 100 r/R expressed as percentage

Note 1 to entry: Fibre elongation can be determined by physical measurement or calculation.

3.12

heat input
energy introduced into the weld region during welding per unit run length

Note 1 to entry: The reference for the calculation of heat input is ASME Boiler and Pressure Vessel Code,
Section 1X:2019 for the specific welding process.

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=df3c9dd2369f5f209ac3b49189b33e0a

1ISO 13703-3:2023(E)

3.13

high alloyed stainless steel

austenitic stainless steel typically having PREN = 40 or [% Ni + 2 (% Mo)] > 30 where % Mo > 2, where
all mass fractions are expressed as percent

EXAMPLE SS type 6Mo or SS type 565.

3.14
intrados
inner curved portion of a bend

3.1

lea} testing

application of a pressure load greater than the design load to demonstrate the integnity pof a piping
ass¢mbly to safely withstand the design load

Note 1 to entry: Leak testing is also referred to as “hydrostatic leak testing” or “pfiewmatic leak|testing”, or
combination thereof, as defined in ASME B31.3.

3.16
lot
totdlity of welds completed by all welders, and accepted by visual examination on any one day, unless
otherwise defined in the engineering design

[SOURCE: PF1 ES48:2015]

3.17Y
low sulfur oil
heating oil with maximum sulfur content of 1 000 ppm

3.1

nepheleometric turbidity units
NT

megsurement of water turbidity

3.1
owher
perfon, partnership, organization or business ultimately responsible for design, copstruction,
opefration, and maintenance-of a facility

3.2p
pitting resistance-equivalent number
number indicating“the resistance of stainless steels to pitting corrosion and related tp chemical
conjposition

Note 1 to entry: PREN is calculated from one of the following formulas:

PREN=% Cr + 3,3 % Mo + 16 % N

PREN=%Cr+3,3% (Mo+0,5W)+16 %N
where all mass fractions are expressed as percent.

Note 2 to entry: All PREN limits are absolute limits based upon the heat analysis. The calculated value shall not
be rounded.

3.21
sour service
service environments that contain sufficient H,S to cause cracking of materials

Note 1 to entry: For the purpose of the document, the mechanisms that result in cracking are addressed in
ISO 15156-2 or ISO 15156-3.

© IS0 2023 - All rights reserved 5


https://standardsiso.com/api/?name=df3c9dd2369f5f209ac3b49189b33e0a

ISO 13703-3:2023(E)

Note 2 to entry: For the purpose of this document, ANSI/NACE MRO0175 is equivalent to ISO 15156-2 and
ISO 15156-3, respectively.

3.22

stainless steel 300-series
SS 300-seriesaustenitic stainless steel with at least 16 % Cr (mass fraction) and 8 % Ni (mass fraction)
possibly with other elements added to secure special properties

Note 1 to entry: Low carbon grades are typically used where welding is required.

EXAMPLE

UNS S30400, UNS S30403, UNS S31600, UNS S31603.

3.23

stainless s
SS type 22
ferritic/au

EXAMPLE

3.24

stainless s
SS type 25
ferritic/au

teel type 22Cr duplex
Cr duplex
btenitic stainless steel alloys with 30,0 < PREN < 40,0 and Cr = 19 % (mass fraction)

UNS S31803, UNS S32205.

teel type 25Cr duplex
Cr duplex
btenitic stainless steel alloys with 40,0 < PREN < 48,0

Note 1 to enftry: This alloy is often referred to as “super duplex”.

EXAMPLE

3.25
stainless §

UNS S S32505, UNS S32550, UNS S32750, UNS S32760, UNS S39274, UNS S39277.

teel type 6Mo

SS type 6Mo

austenitic
nickel alloy

EXAMPLE

3.26

stainless §
SS type 56
manganesg
PREN =40

EXAMPLE

3.27
tangent
straight se

3.28

stainless steel with PREN = 40 and a nominal Mo alloying content of 6 % (mass fraction)
's with Mo content in the range 6 % to 8% (mass fraction)

UNS S31254, UNS N08367, UNS N08926.

teel type 565
5

austenitic stainless-steel with Mn content in the range 4 % to 12 % (mass fraction)

UNS S34565¢

rtionsatithe end of a bend

and

and

tightness

testing

application of a pressure differential to a piping assembly to detect leakage paths or rates

Note 1 to entry: Tightness testing includes testing of mechanically completed piping systems as part of pre-
commissioning activities, and sensitive leak tests as defined in ASME B31.3.

3.29
transition

zone

areas of the start and stop points of induction heating, which include material that extends from the
unheated mother pipe to the material that has been heated to the full bending temperature

3.30

weave bead
weld bead formed using weaving. See also stringer bead.

6
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3.31

weaving

welding technique in which the energy source is oscillated transversely as it progresses along the weld
path

3.32
weld zone
grouping of weld passes with similar parameters and function, e.g. root, fill and cap

3.33
stringer bead
weld bead formed without appreciable weaving

4 |(Abbreviated terms

4.1{ Symbols

D nominal pipe diameter, expressed in millimetres

Hpif heated band width, expressed in millimetres

h Maximum misalignment at a buttweld seam

L length, expressed in millimetres

R nominal bending radius to centreline of pipe, expressed in millimetres
r nominal outside radius of the pipe, expressed in millimetres

t nominal material thickness at the weld, expressed in millimetres

Ug Geometric unsharpness

4.2| Abbreviated terms

AUT Automatic Ulttasonic Testing

AW

|92

American-Welding Society

aMDEA activated MDEA

CMTR certified material test report

Cp commercially pure (in relation to titanium materials)
CR corrosionresistantalloy

CSWIP certification scheme for weldment inspection personnel
CWEng certified welding engineer

DGA di-glycol amine

DIPA di-iso propyl amine

ECA engineering critical assessment

EEA European economic area

©1S0 2023 - All rights reserved 7
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EWE
EWF
FCAW-G
FCAW-S
FMC/TFM
FN
GMAW
GMAW-S
GTAW
HAZ
HBW
HIP
HRC
HV

1w
ITP
IWE
MDEA
MDMT

MEA
MT
NDT
NTU
OES
PAUT
PCN
PED
PMI
PREN
PT
PQR

European welding engineer

European Welding Federation

flux cored arc welding - gas shielded

flux cored arc welding - self shielded

full matrix capture/total focussing method

ferrite number

gas metal arc welding

gas metal arc welding - short circuiting mode of transfer
gas tungsten arc welding

heat affected zone

heated band width (of PWHT)

hot isostatic pressed

Rockwell C hardness number
Vickers hardness number
International Institute of Welding
inspection and test plan
international welding engineer

methyldiethanolamine

minimum design metal temperature (synonymous with design minimum temperaturg

as defined in ASME B31.3)

mono ethanolamine

magnetic particle testing (for use on magnetic materials)
non-destrlictive testing

neophelemetric turbidity units

optical emission spectrometry

phased array ultrasonic testing technique

Personal Certification for Non-Destructive Testing

Pressure Equipment Directive (European Directive 2014/68/EU) see Annex D

positive materials identification

pitting resistance equivalent number

liquid penetrant testing (for use on non-magnetic materials)

procedure qualification record

© IS0 2023 - All rights reserved
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PWHT
QL
QMS
RT
SAW

SMAW

post weld heat treatment
quality level

quality management system
radiographic testing
submerged arc welding

shielded metal arc welding

1ISO 13703-3:2023(E)

SMYS
SS

SSC
SWPpS
TOKD
WP
UNS

UT

specified minimum yield stress

stainless steel

sulphide stress cracking

standard welding procedure specification
time of flight diffraction

welding procedure specification

unified numbering system

ultrasonic testing

5 |Health, safety and quality requirements

5.1 Health and safety requirements

5.1/1 The fabricator shall at least provide the following safety equipment and systems:

a) |ventilation and extraction facilities for welding-related activities or work in a confined qpace;

b) |personal protective equipment including eye, breathing and hearing protection;

c) |access/scaffolding/working platforms and fall-arrest protective equipment for working|at height;

d) |access and se€ure, temporary formwork for working below-grade;

e) |protective'systems to prevent electric shock, build-up or discharge of static electricity, and earthing

f) |‘whip checks’ on test hoses for flushing, cleaning, leak testing/tightness testing.

of welding current through susceptible components in the piping assembly;

5.1.2 All work undertaken in a confined space shall be managed using a permit-to-work system.

NOTE 1

ISO 45001 specifies requirements for an occupational health and safety management system, and

gives guidance for its use, to enable organizations to provide safe and healthy workplaces by preventing work-
related injury and ill health, as well as by proactively improving its occupational health and safety performance.
IOGP Report 423 describes a process by which clients can select suitable contractors, set out expectations and
requirements, award contracts, and manage all the phases of the contracting process with a view to improving
client and contractor management of health, safety and environmental risks for contracted activities.

Note 2

fabrication activities.

© IS0 2023 - All rights reserved
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5.2 Quality requirements

5.2.1 The fabricator shall operate in accordance with a QMS that meets an internationally recognized

standard.

NOTE ISO 29001 and API Spec Q1 give sector-specific requirements and guidance on quality management

systems.

5.2.2 The QMS ofthe fabricator shall include the following requirements related to the responsibilities
for welding, inspection and testing personnel specified:

a) the org

b) weldin
by eith
releva

NOTE 1
AWS B
1IW int
IIW pu

c) weldin
follow

— IV
co

— AV
— C§
— P

N(
un

d) NDT g
schem

— P¢

— NI
Oq

ranization shall meet the comprehensive welding quality requirements of ISO 3834-2;

g coordination personnel shall demonstrate that they meet the requirements of ISO 14
er comprehensive level of competency or specific level of competency as appropriate for
ht essential welding-related tasks described in ISO 3834-2;

For the purposes of this provision, personnel with AWS CWEng certification in conformang
b.16 can be considered equivalent to personnel holding EWF European welding engineer (EWH
ernational welding engineer (IWE) certification as explained in EWF Rublication EWF-663-19
blication IAB-362-19, respectively.

g inspection personnel competencies shall be demonstrated in accordance with one of]
ng schemes:

V international welding inspector - standard or JIW international welding inspectc
mprehensive;

VS QC1 certified welding inspector or AWS QCl\sénior certified welding inspector;
WIP 3.1 welding inspector or CSWIP 3.2 senior welding inspector;
N (British Institute of Non-Destructiye Testing [BINDT], UK) - Weld inspection level 2.

TE 2 Welding inspection personnel with lower levels of certification can only be empl
der the direct supervision of personnel having the required certification.

ersonnel competencies_shall be demonstrated in accordance with one of the follow
bS:

rsonnel responsiblefor NDT activities, in accordance with ISO 9712, Level IlI, or equivalg

erators simply producing radiographs and not performing evaluation, do not require lev

b

— UT operators performing inspection of welds in duplex and austenitic stainless steel materi
actordance with ISO 9712.

shall have'training comparable to ISO 9712 Level I for radiographic testing.

731
the

e to
) or
and

the

yed

ring

nt.

DT operator, ineluding visual inspection, in accordance with ISO 9712 level II, or equivalent.

p] 11,

] in

— In addition, the use of AUT shall require training in operating the specific equipment and a
procedure shall be established to demonstrate the ability of the operator to detect the relevant

defects.
NOTE 3 Equivalent 3rd party certification scheme may for example be PCN or SNT-TC- 1A
certified by ACCP.

e) Personnel responsible for undertaking PMI, hardness or ferrite testing, tightening of bolted
connections, flushing/cleaning and subsequent leak testing/tightness testing activities shall
demonstrate appropriate competency using industry-recognized or employer-based assurance
schemes.

10
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5.2.3 The QMS of the fabricator shall address the following activities:

a)

traceability, storage and handling of piping system components, including bend
consumables, NDT and testing consumables to avoid damage or degradation

s, welding

b) traceability and verification of each pressure retaining weld and direct attachment weld to the
piping components, WPS(s) and welding consumables used, the responsible welder/welding

c)

operator, and the relevant PWHT, examination and production test records;

integrity management of bolted connections, including traceability and verification of bolted

connections;

d)

f)

5.2
inte

5.2
inte

5.2

a)
b)

The
ASN

5.2
doc

5.2

a)
b)

flushing, cleaning, leak testing/tightness testing and preservation, including divisiox
systems into individual test packs;

development and implementation of an ITP for the systematic and sequential cor
fabrication, welding, examination, inspection and testing activities (including any sub
activity, if applicable), and the level of fabricator and owner personnel involvement in ea

Workshop organization to prevent CRA contamination.

rnationally recognized standard.

5 The test laboratory shall meet the requirements of ISO/IEC 17025 or anot}
rnationally recognized standard, for the applicable tést methods.

6 The fabricator shall maintain and retain thefollowing documented information:
any documented information required by ASME B31.3;

all additional documented information to demonstrate that the requirements of thig
have been met.

fabricator shall hand over, all relevant documented information to the owner as s
(E B31.3, the engineering design and this document.

ument shall have a&alid and verified calibration certificate at time of use.

8 Heat treatiment furnaces for post-bending heat treatment or PWHT shall be
configufed'to ensure that uniform heating, with or without forced circulation, is achieve

equipped with automatic temperature controlling and recording devices with an accurz

W of piping

trol of all
contractor
Ch activity;

4 The welding consumable manufacturer shall operate in accordance with a QMS imeeting an

er agreed

document

pecified in

7 All equipment and.instruments used in support of the activities within the sc¢pe of this

d, and
cy of £1 %

oftheir full-scale range.

NOTE Good practice for heat treatment is given in ISO 17663 and API RP 6HT.

6

6.1

Welding requirements

General requirements

6.1.1 WPSsshallinclude all information required by ASME Boiler and Pressure Vessel Code, Section IX
or ISO 15609-1. Welding procedures shall be present at the welding station at all times and readable in
a language understandable to the welder or welding operator and in English.

6.1.2 SWPSs or welding procedures that have not been qualified by the fabricator shall not be used.

©IS

02023 - All rights reserved
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6.1.3 Fabrication and welding of CRAs in a fabricator’s shop shall be performed in an area reserved
exclusively for these materials.

6.1.4 The fabricator shall protect CRA components or piping assembly from iron contamination,
if it is impractical to segregate CRAs from carbon steels, such as during dissimilar welding at site
construction.

6.1.5 Protection, such as windshields or temporary shelters, shall be provided if weather conditions
can adversely affect the ability to meet the requirements of this document.

6.1.6 Prgssure-retaining groove and fillet welds shall be welded with a minimum of two layefs;|Not
applicable for mechanized orbital welding of tubing.
6.1.7 Arg¢ strikes and stops/starts shall be confined to the weld groove. If arc strikes and stops/starts
occur outs]de of the weld groove, they shall be removed by light grinding and the affgéted area shall be
examined by MT or PT in accordance with 12.3 or 12.4.
6.1.8 All|flux, slag and spatter shall be removed from welds and adjacent sutfaces.
6.1.9 The application of peening on welds, either during or on cémpletion of welding, shall be
approved By the owner.
NOTE The use of needle guns to remove welding flux or slag is not considered to result in peening of the
weld.
6.2 Welding processes
6.2.1 GTAW equipment shall be equipped with arc starting, crater eliminating and pre-gas/postigas
flow capabilities.
6.2.2 FCAW-S shall not be used for welding pressure retaining welds or direct attachment welds to
pressure re¢taining components.
6.2.3 Controlled hydrogen welding consumable shall be used according to Table 1
Table-} — Diffusible hydrogen limits for consumables
Base material SMYS for the base material Maximum diffusible hydrogen
(m1/100 g)

carb¢n and low alloy steel <415 MPa (60 ksi) 8

carb¢n ahd'low alloy steel >415 MPa (60 Kksi) 5
ferritic andumartensitic stainless steel all 5

6.2.5 Ma

nually held SAW shall not be used.

6.2.6 For single-sided access welds, any slag on the internal surface of the root pass shall be removed
completely. If slag removal is not feasible, a non-flux welding process shall be used.

6.3 Preparation for welding

Figure 1 st

ablishes the recommended distances between welds taking into consideration that:

a) Separation between welds shall be arranged to eliminate or minimise the heat transfer from
adjacent welds;

12

© IS0 2023 - All rights rese

rved


https://standardsiso.com/api/?name=df3c9dd2369f5f209ac3b49189b33e0a

1ISO 13703-3:2023(E)

b) location and spacing of circumferential welds, longitudinal welds and welded branch connections
shall allow for sufficient clearance to undertake any specified volumetric NDT of the weld;

c) for welded branch connections, including any reinforcing pads, and directly welded attachments
shall avoid encroachment with any longitudinal seam weld or circumferential weld, except when

the seam weld is fully heat treated;

d) Adjacent straight lengths of longitudinal welded pipe and/or fittings shall have the seam welds

offset as indicated in Figure 1.

6.3,
sub

S, ! S,

1111111

S0 len Sa ) e Sa
Key
Sp separation between/any two pressure containing welds (see note) = VDXt
S, separation betwee/an attachment weld an any other weld = the greater of 2 t or 50 mm

Figure 1 — Recommended distance between welds

=

6.3|3 «In"cases where meeting the weld proximity limits specified in 6.3.1 is unavofdable, the
inte rsected longltudlnal or c1rcumferent1al weld shall be ground flush w1th the ad]acent suyrface for a

in accordance w1th 12. 3 or 12 4 and 12 5or12.5.7, respectlvely

anid RT or UT

6.3.4 Butt welds and welded branch connections, including integrally reinforced branch connections,

shall be prepared as full penetration groove welds.

6.3.5 Permanent metallic backing rings shall not be used.

6.3.6 Permanent socket weld contraction rings shall only be used when approved by the owner.

6.3.7 Weld joint end preparation and root gap spacing shall conform to ASME B31.3 and the approved

WPS.

© IS0 2023 - All rights reserved
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6.3.8
a) bedist

Internal radial misalignment at butt welds shall

ributed equally around the joint, and

b) not exceed the following values (see Figure 2):

— h=1,6 mm for t <19 mm or h = 2,5 mm for ¢t > 19 mm for piping in hydrocarbon, alkaline or
cyclic service; or

h <0,25 t with a maximum of 4 mm for all other services.

N

6.39 Wi
the thicket
in some cj
techniques

6.3.10 All

6.3.11 Tey

6.3.12 Th
shall be clqg

6.3.13 On

6.3.14 Th
temperatu

6.3.15 Ind
be investig
after remo

Figure 2 — Misalignment references

component shall be taper-bored on the internal sufface to at least 1:4 slope. This
ses, require removal of the weld reinforcement ia~order to apply alternative ultras
(e.g half skip distance scanning) under agreement:

hporary, fit-up attachments shall be-of the same or equivalent material to the base mater

b weld preparation and adjacent surfaces within a minimum of 25,4 mm from the weld ¢
aned to remove all visible-eontamination immediately prior to welding.

y dedicated stainles§ Steel wire brushes or tools shall be used to clean or prepare CRAs.

b weld area shall’ be at a minimum temperature of 3 °C above the ambient dew p
Fe prior to welding, moisture on welding surface shall be removed by drying.

ications-er discontinuities identified on the weld bevel surface by visual examination s
ated by MT or PT in accordance with 12.3 or 12.4, respectively, prior to, and if applicd
vak

ere UT is specified for single-sided access welds joining)cemponents of unequal thickness,

hay,
bnic

piping components and sub-assemblies shall*be examined before fit-up to verify freedom
from contgmination, loose materials and debris.

ial.

Dint

hall
ble,

6.3.16 If carbon-arc or thermal cutting/gouging is used, the oxidation on the surface shall be
completely removed to bright metal prior to welding. Carbon arc gouging shall not be used on CRA
except for stainless steel 300-series with grinding after carbon arc gouging.

6.3.17 A backing gas shall be applied for CRA piping assemblies in accordance with 7.7 for:

back gouged/ground to sound metal;

tack w

direct

14

elds in single sided access welds, unless the tack welds are completely removed;

welded attachments where base material t < 8 mm;

© IS0 2023 - All rights rese
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— repair welds where the remaining ligament <8 mm.

6.3.18 Temporary attachments for welding alignment shall be removed by grinding prior to PWHT,
if applicable, or leak testing, and the area examined by MT or PT in accordance with 12.3 or 12.4
respectively.

6.4 Welder and welding operator performance qualification

6.4.1 Welders and welding operators shall be qualified in accordance with the requirements of

AS

Not¢

1E B31 3 or IS0 9606 (a" parfc) and ISQ 147'2')’ rncpnr‘fivn]y

h

Endorsement of the qualification of welders and welding operators by a competent

notiffied body or third-party organization can be required by the authorities.

6.4
und
ort

6.4

6.4
adj3

6.4

2 A previous performance qualification of a welder or welding operator-by others i
er the condition that the performance qualification has been verified by-a competent no
hird party organization.

3 Performance qualification of a welder or welding operator on production welds is not

4 Each welder or welding operator shall mark their unique identification number
cent to each weld, or part thereof, to identify their work

5 Welders and welding operators responsible for*welding stainless steel type 22Cy

stainless steel type 25Cr duplex shall be qualified using a WPS qualified in accordance wit

recognized

permitted
tified body

permitted.

or symbol

duplex or
h Clause 8,

espgcially 8.3. As a minimum, the following requirements apply:

a) [qualification on any UNS grade of SS type25Cr duplex shall qualify for welding SS type 2RCr duplex,
but not vice versa;

b) |each completed test piece shall be.subject to NDT (100 % RT and 100 % PT) and corropion test in
accordance with ISO 17781, in addition to testing described in 6.4.1.

6.4)6 Welders and welding(operators responsible for welding CP titanium shall be qualiffed using a

WPE qualified in accordancewith Clause 8, specially 8.5 of this document. In addition, each|completed

test piece shall be subject/to a bend test, and visual examination and radiography in accorflance with

12.1.11 and 12.5, respeetively, in addition to testing described 6.4.1.

7 |Weldingieonsumables

7.1 Geweral requirements

7.1.1 The selection of welding consumables shall meet the requirements of ASME B31.3.

7.1.2 In cases where a welding consumable is selected that does not conform to the requirements
of an ASME Boiler and Pressure Vessel Code, Section I, Materials, Part C specification, this selected
consumable shall be qualified as part of the welding procedure qualification in accordance with this
document.

7.1.3 Welding consumables shall be specified on the WPS by reference to the relevant ASME Boiler
and Pressure Vessel Code, Section 11, Materials, Part C specification and classification.
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7.1.4 Welding consumables shall be procured in accordance with ASME Boiler and Pressure Vessel
Code, Section II, Materials, Part C:2019, SFA-5.01/SFA-5.01M or ISO 14344, and Table 2.

Table 2 — Welding filler material procurement requirements

Filler material Lot class Testing Inspection document
schedule
SMAW electrodes C3 3orH CMTR according to
Solid metallic wires, rods and con- 3 JorH — ASME Boiler and Pressure Vessel
sumable inserts Code, Section II Materials, Part C,
Tubular cofred electrodes and rods T2 3orH oFA-0.U175FA-5.UIM; or
SAW flux — IS0 10474 Type 3.1 for wire@nd Type
2.2 for flux; or
F2 3orH
— EN 10204 Type 3.1 for'wire and Type
2.2 for flux

7.1.5 On]y welding consumables certified with impact testing shall be used Where impact testinfg of
the base mpterials or weld metal is specified in ASME B31.3, the engineering'désign or this documeht.

7.1.6  Filler material shall be clearly identified in accordance with the requirements of ASME Bailer
and Pressfire Vessel Code, Section II, Materials, Part C:2019, SFA~5.02/SFA-5.02M or the releyant
individual SFA specification, with the identification retained untikconsumed.

7.1.7 Welding consumables shall be stored and handled%in accordance with the manufacturer’s
recommenfations. In addition, the following requirements apply:

a) SMAW, electrodes and SAW fluxes shall be driednitially (if required). The number of re-drying
cycles ghall not exceed the manufacturer’s recommendation;

b) storagf and drying of SMAW electrodes anid'SAW fluxes shall be carried out in separate ovens with
automaptic temperature control and visible temperature indication;

c) re-drigd SMAW electrodes shall be-clearly identified to indicate the number of re-drying cycles

d) any undamaged welding constimables remaining at the end of a specified task shall be returnefd to
storagp;

e) any damaged or unideftified welding consumables shall be rejected.

7.1.8 In ¢ase SAW flux'is recovered and recycled, the following requirements apply:

a) the new-to-rexused recycling ratios and the number of times a flux can be recycled shall be:

1) specified in accordance with the manufacturer’s requirements;

2) stated on the WPS;

b) therecovery process shall meet the flux manufacturer’s requirements for protection from moisture
and build-up of fines.

7.1.9 Welding consumables shall be used within the primary classification limits specified by the
applicable AWS filler material specification and the manufacturer’s recommendations.

7.1.10 Deliberate addition of principal elements through the SAW flux shall not be permitted, except to
compensate for losses of alloying elements during welding.

7.1.11 Re-crushed SAW slag shall not be used.
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7.1.12 Solid wire filler metals shall be dry and free from rust, oil or other foreign matter.
7.2 Additional requirements for carbon steel
7.2.1 Cellulosic covered electrodes (type EXX10-X or EXX11-X) shall not be used.

7.2.2 Welding consumables for the root and hot pass of single sided access welds, or back weld
where applicable, shall be selected to avoid preferential weld corrosion, based on agreement between
purchaser and fabricator.

NOTE1 In carbon steel water injection systems, welding consumables and welding proceduresthat produce a
deppsit with either 0,8 % to 1,0 % (mass fraction) nickel or 0,4 % to 0,8 % (mass fraction) copper.&0,b % to 1,0 %
(maps fraction) nickel has been found to be effective in minimizing the likelihood of preferential-weld corrosion.
NOTE 2 In sweet hydrocarbon service, the presence of corrosion inhibitors togetherwith the filler material
chemistry can influence the likelihood of preferential weld corrosion. Testing of the.welding confumables in

the pprocess fluid with and without corrosion inhibitors can provide data to support the optimum|filler metal
chemistry.

7.3| Additional requirements for dissimilar welding

When welding SS type 22Cr duplex, SS type 25Cr duplex or-high alloy stainless steels a:toyed with
nitrjogen to carbon steels, welding consumables shall not contain deliberate additions of niolium.

7.4 Additional requirements for SS 300-series

Comparable low-carbon welding consumables shall be used for welding low-carbon|grades of
SS 300-series.

7.5 Additional requirements for SS'type 22Cr duplex and SS type 25Cr duplex

7.51 Autogenous welding, including cosmetic repairs/'GTAW dressing’ of the weld, shall not be
applied.

7.52 Welding consumablesshall be selected to meet the as-deposited minimum chemical cpmposition
in Table 3.

Table 3-—/As-deposited chemical requirements for SS type 22Cr duplex and

SS type 25Cr duplex
Chemical composition limitations
Element
SS type 22Cr duplex SS type 25Cr duplex

Nitrogen 0,14 % (mass fraction) minimum 0,22 % (mass fraction) minimum

Nickel 8,0 % (mass fraction) minimum 9,0 % (mass fraction) minimum

Molybdenum 3,0 % (mass fraction) minimum 3,5 % (mass fraction) minimum

Sulphur 0,015 % (mass fraction) maximum | 0,015 % (mass fraction) maximum

PREN 34,0 minimum 40,0 minimum

7.5.3 Welding consumables shall not contain deliberate additions of niobium.
7.6 Additional requirements for high alloy stainless steels

7.6.1 Autogenous welding, including cosmetic repairs/’'GTAW dressing’ of the weld, shall not be
applied, except for autogenous mechanized GTAW orbital welding.
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7.6.2 Welding consumables shall be selected with enhanced molybdenum and chromium compared

to the base

7.7 Shie

7.7.1

materials, and maximum sulphur content of 0,015 % (mass fraction).

lding, backing and secondary trailing gases

Shielding, backing and secondary trailing gases shall be procured in accordance with ASME

Boiler and Pressure Vessel Code, Section II, Materials, Part C:2019, SFA-5.32/SFA-5.32M or ISO 14175.

7.7.2

The WPS shall state the following:

a)
b) flow rz

the ga

c) purity

d) in cass

7.7.3 Th

of the value recorded during weld procedure qualification or 0,05 % (500"ppm) as measured in
d volume during welding at the 12 o’clock pipe position. Wher@purging is directly through

back-purge
the root oy
this docum

7.74 Gaj
contain hy

7.7.5 Foj
until the wj
the weldin

8 Weld
8.1 Gen

8.1.1 Wse
ASME B31.

8.1.2 Sey

wavefi

prm:controlled welding processes;

composition;

te;

of backing gases, the acceptable oxygen content.

e maximum oxygen content of a backing gas prior to, and during, welding shall be the le

ening, an acceptable, higher maximum oxygen content to-meet weld acceptance criteri
ent shall be demonstrated during the weld procedure qualification.

es for welding of SS type 22Cr duplex or SS type, 25Cr duplex, and CP titanium shall
Hrogen.

welding CP titanium, the shielding, backingand secondary trailing gases shall be mainta
eld and HAZ metal temperature falls below 400 °C to meet the requirements in 12.2.1, u
b procedure qualification demonstratesithat a lower temperature is required.

ing procedure qualification
eral requirements

l[ding procedure _gualification shall be performed in accordance with the requirement
3 or ISO 15614-1;150 15614-5 or ISO 15614-6.

arate welding procedure qualification is required for the following:

an:ess

bser
the

A in

not

ed

S of

groovg

welds using consumable inserts;

8.1.3 Qualification on pipe shall qualify for plate, but not vice versa.

8.1.4 Heat input shall be calculated for the root and hot pass individually, and for typical fill and cap
passes/zones. The average measured values for each pass/zone shall be used to calculate the allowable
range of heat input:

a) where impact or hardness testing is specified by ASME B31.3, the engineering design or this
document;

b) for welding of SS type 22Cr duplex and SS type 25Cr duplex, high alloyed stainless steels or CP
titanium.

18
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8.1.5 In addition to ASME B31.3 and ASME Boiler and Pressure Vessel Code, Section 1X:2019, the
following requirements apply:

a) specimens for impact and corrosion testing shall be taken from the location with the highest heat
input;

b) specimens for metallographic microstructural examination and hardness testing shall be taken
from the location with the lowest heat input;

c) for sub-size specimens, instead of temperature reduction as established in ASME B31.3, the
following reduction factors of energy shall be applied: 5/6 for 7,5 mm specimen and 2/3 for 5 mm
Specimen.

8.1)6 If temper bead welding is employed, the relevant requirements in ASME Baoiler and Pressure
Vespel Code, Section [X:2019, shall apply.

8.1]7 For piping systems above pressure class 2500 the impact testing acceptance critefia shall be
accprding to ASME B31.3 chapter IX, except for duplex material, described in8.3.

8.2| Additional requirements for carbon steels

Except for high pressure service, as stated in 8.1.7, the acceptance/criteria for impact testing, at specified
temperature, shall be a minimum average of 27 ], based on three full-size specimens, with npinimum of
20 ] for any one specimen.

8.3| Additional requirements for SS type 22Cr‘duplex and SS type 25Cr duplex

8.3]1 Separate welding procedure qualifications are required for each UNS designated |alloy, with
exception of the following:

(@)

— |UNS S31803 and UNS S32205 are interchangeable;
— |UNS S32760, UNS S32750, UNS S32550 and UNS S32505 are interchangeable.

8.3|12 Welding procedure qualification test pieces shall be selected to meet the qualified thickness
ranges specified in Table 4.

Table 4 — Qualified thickness range for SS type 22Cr duplex and SS type 25Cr duplex welding

procedures
Wall thickness of test piece Qualified wall thickness range
t<6,35 mm tto 2 tup to and including a maximum of|12,7 mm
t>12,7 mm 0,5ttot+12,7 mm

8.3.3 Heatinputs shall be limited to the following:
— 0,5k]/mm to 2,5 k]/mm for SS type 22Cr duplex;
— 0,5kJ/mm to 1,5 kJ/mm for SS type 25Cr duplex;

8.3.4 Forced or accelerated cooling shall not be applied, unless qualified in the PQR and approved by
owner

8.3.5 Welds shall
a) be subject to testing in accordance with ISO 17781:2017, 4.3,
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b)

meet the requirements in ISO 17781:2017, Clause 5, and

meet QL II with respect to minimum absorbed energy requirements per ISO 17781:2017, Table 3,

unless otherwise specified in the engineering design. Lateral expansion values at the impact test
temperature shall be documented, if required by ASME B31.3.

8.3.6 We

1d repairs shall be qualified in accordance with 12.10.4.

8.4 Additional requirements for high alloyed austenitic stainless steels

8.4.1 Sey
exception {

8.4.2 We
requireme

a)
b)

the tes

the tes
thickn

c) cuted
d)

e)

the int

the co
being y

the ac
than 4

f)

NOTE j

8.5 Add

8.5.1 Wse
12.5, respd

8.5.2 In
hardness t|
accordancg

arate welding procedure qualifications are required for each UNS designated alloy.y
hat stainless steel type 565 qualifies stainless steel type 6Mo, but not vice versa..

l[ds shall be subject to corrosion testing to ASTM G48 Method A. In addition, the follow
hts apply:
t temperature shall be 40 °C with an exposure time of 24 h;

t shall expose the external and internal surfaces and a cross-sé€etion surface in full ¥
ESS;

res shall be prepared according to ASTM G48;
ernal and external surfaces shall not be ground/polished;

nplete specimen may be pickled in an acid solutign in accordance with ASTM A380 be
veighed and tested;

feptance criteria shall be no pitting at x2Qdnagnification and weight loss shall not exd
0 g/m?2,

T can be used to judge whether pittingis-present or not.
jtional requirements for CP titanium

lds shall be subject to yisual examination and radiography in accordance with 12.2.1
ctively.

ase of dispute régarding the maximum oxidation levels in accordance with 12.2.1, additi
esting on a ¢noss section of the base material, HAZs and weld metal shall be performe

8.53 In
readings s

!

reading greaterthan-50-HV10.

with the survey requirements in either ISO 9015-1 or ISO 15156-2, using HV10 methodsg.

vith

ing

vall

fore

eed

and

nal
1 in

the

case additional hardness testing of the weld metal and HAZs is required, the average of
all not exceed the average base material hardness by more than 40 HV10 with no indivi

1iual

8.6 Additional requirements for materials in sour service

8.6.1 Where a maximum hardness value for welds and HAZs is specified in ISO 15156-2 or

[SO 15156-

3, hardness testing shall be performed on the PQR(s) for

a) pressure retaining butt welds,

b) pressure retaining fillet welds, and

c) partial or full penetration repair welds.
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8.6.2 Carbon steel welding consumables and welding procedures that produce a deposit containing
more than 1 % Ni (mass fraction) shall be subject to SSC qualification testing in accordance with
Annex B of [SO 15156-2.

8.7 Welding procedure qualification essential variable

In addition to the essential and supplementary essential variables listed in ASME B31.3, ASME Boiler and
Pressure Vessel Code, Section 1X:2019 or the applicable parts of ISO 15614, a WPS shall be requalified
when there is a change in the variable from that recorded on the PQR in accordance with Table 5.

Table 5 — Additional essential variables requiring re-qualification

Val

-iable and specific application

Change in variable from that recorded on'PQR

Joint design

All welding processes

Change from double-sided welding to single;sided welding} or

A decrease in groove angle of more than,10%for groove angles less than

60°; or

A decrease in groove angle when greove angle is less than B0°.

wn

b type 22Cr duplex and SS type
25Cr duplex

High alloyed stainless steels

Root gap tolefance of #1,0 mm

Base materials

Cai

bon steel in the following appli-
cations:

— insour service;
— subject to impact testing;
— t=238mm;

base material, carbon equiva-
lent, C; > 0,43 %;

subject to PWHT in accordance
with Table 7

Inerease in C of more than 0,03 %

wn

b type 22Cr duplex and,SS type
25Cr duplex

Change in the UNS designation out with limits specified in B.3.1; o

Thickness of test piece outside of qualified thickness rangdin 8.3

High alloy stainless steels

Change in the UNS designation with the exception that SS type

fies SS type 6Mo, but not vice versa

Welding consumables

All welding consumables

Consumable chemistry not covered by an ASME Boiler and Preg

Code, Section II, Materials, Part C, SFA classification

sure Vessel

Carbon steel

The nominal chemical composition of depaosited weld metal, including

change from ASME Boiler and Pressure Vessel Code, Section IX,
A-No.1 to A-No.2 and vice versa; or

Wire chemistry from one ASME Boiler and Pressure Vessel Code,
Section II, Materials, Part C, SFA classification to another; or

Manufacturer or trade name designation for ASME Boiler and
Pressure Vessel Code, Section II, Materials, Part C, SFA “G”
classification

©IS

02023 - All rights reserved

21


https://standardsiso.com/api/?name=df3c9dd2369f5f209ac3b49189b33e0a

ISO 13703-3:2023(E)

Table 5 (continued)
Variable and specific application Change in variable from that recorded on PQR
Where impact testing or hardness Manufacturer or trade/brand name of welding consumable
limit is specified
High alloyed stainless steels
CP titanium
SS type 22Cr and SS type 25Cr  |— Manufacturer or trade/brand name of welding consumable; or
duplex
— Change from SS type 25Cr consumable to SS type 22Cr consumable for
welding root pass and second pass of SS type 22Cr base materials pnd
vice versa
Adtomated GTAW Change from hot or cold wire addition and vice versd
Automateld GTAW or GMAW pro- Wire manufacturer and diameter
cess
SAW Wire-flux (including composite cored electrode) combination manufactur-
er and trade name designation
Conjsumable inserts — Addition or deletion of consumable insert;or
— Manufacturer and trade name designation; or
— ASME Boiler and Pressure Vessel{ode, Section II, Materials, Part C
SFA classification, class and style; or
— Base material not covered hy.an AWS classification
Secopdary trailing gas — Composition; or
— Purity; or
— Delivery system
Backing gas — Addition or deletion; or
— Composition; or
— _Purity; or
= ~Specified flow rate range; or
— Maximum measured oxygen content
FCAW-G cgred or compositecored |— Wire chemistry from one ASME Boiler and Pressure Vessel Code,
electrodes Section II, Materials, Part C, SFA classification to another; or
— Where impact testing is specified, position indicator from “1” to “Of,
but not vice versa
Positions
Automatef@rmechanised GTAW Pipe position
or GMAW Processes
Preheat & interpass temperature
Carbon steel in sour service Reduction in preheat temperature
All materials Increase in interpass temperature
PWHT
Carbon steel in sour or alkaline Reduction in PWHT temperature or holding time
service
Electrical characteristics
Automated or mechanised GTAW | Programme schedule values of £10 % (current, pulse times, voltage, travel
or GMAW processes speed, wire feed speed)

22 © IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=df3c9dd2369f5f209ac3b49189b33e0a

1ISO 13703-3:2023(E)

Table 5 (continued)
Variable and specific application Change in variable from that recorded on PQR

Carbon steel (SMYS <400 MPa) When impact or corrosion testing is required a change exceeding +25 %

of the average heat input for a weld zone measured in the PQR. In sour ser-
vice, the minimum heat input shall not be lower than the minimum value
from the PQR.

Carbon steel (SMYS > 400 MPa) |When impact or corrosion testing is required a change exceeding 15 % of
the average heat input for a weld zone measured in the PQR. In sour ser-
vice, the minimum heat input shall not be lower than the minimum value

from the PQR.
§S type 22Cr and SS type 25Cr |— Change exceeding average heat input value of +15 % for‘eath weld
duplex pass/zone
— For heat input calculation see 8.1.4
High alloyed stainless steels Change exceeding average heat input value of +15 % for each weld pass/
zone
Technique
Aytomated or mechanised GTAW |— Welding direction; or
or GMAW process
— Welding head, power source, conitrol & programming unit; jor
— Software version
Waveform-controlled processes |— Equipment manufacturet or model; or
— Software version
Weaving When impact testing:is required, any change from stringer bedd to weav-
ing technique or vice versa
9 |Preheat and post weld heat treatment’
9.1 Preheating
9.11 Preheating shall meetthe requirements of ASME B31.3 for all types of welding.
9.12 A minimum preheat temperature of 95 °C shall be applied for carbon steels, in cage the base
matferial C; 2 0,46 % and/or t > 38 mm.
9.1j3 The method of applying, checking and controlling preheat and inter-pass temperatufes shall be
statled on the-WPS.
9.14 AWhere preheat is specified for welding, preheat shall also be applied prior to apy thermal
cuttihgor gouging.

9.1.5 Preheat shall be applied until the minimum temperature is achieved throughout the entire
thickness of the weld and at least 75,0 mm on each side of the weld.

9.1.6 Where oil or natural gas is used as fuel, this fuel shall be of low sulfur grade. The fuel/air
mixture shall produce a neutral flame.

9.1.7 For groove weld with t > 19 mm, preheat shall be applied by electric resistance or induction
methods. Other gas preheating devices may be considered as acceptable provided a uniformity
temperature test is agreed by parties to qualify the heaviest thickness to be used in production.

©IS
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9.1.8 Once preheat is applied, welding shall not be interrupted or stopped until the greater of 30 % of
the weld groove depth or 10,0 mm has been completed. In cases where this is unavoidable, MT or PT in
accordance with 12.3 or 12.4 shall be performed before preheating and welding restarts. MT or PT is
not necessary if preheating temperature is maintained.

9.1.9 For low-alloy steels, the preheat shall be maintained until PWHT is completed, unless a
purchaser-approved dehydrogenation heat treatment (DHT) is applied immediately after welding is
complete.

9.1.10 The interpass temperature shall neither exceed the maximum recorded on the PQR nor the
limits in Tdble 6.

Table 6 — Maximum interpass temperatures

Material type Maximum interpass temperature
Non-impact tested carbon steels 315°C
Impact tested carbon steels 250°C
SS 300-series 1752C
SS type 22Cr duplex ¥50°C
SS type 25Cr duplex 120 °C
High alloyed stainless steels 150 °C
Coyper-nickel 90-10, aluminium bronze 175 °C
Nickel-base alloys 175 °C
CP titanium 150°C

9.1.11 Prgheat and interpass temperatures shall be\nteasured using temperature indicating crayons
(carbon stgels only), thermocouples, contact or ion-contact pyrometers. Regarding the non-confact
pyrometerf, the fabricator shall shall apply an agreed method with the user.

9.1.12 The preheat temperature and preheat maintenance temperatures shall be measured at a
distance off not less than 1,5 in (38 mm) ‘on either side of the weld groove.

9.1.13 Cufting torches shall not-be-used for pre-heating.
9.2 Postweld heat treatment
9.2.1 PWHT shall meet the requirements of ASME B31.3.

9.2.2 All|[PWHT operations shall be performed in accordance with a written procedure.

9.2.3 The method of applying, checking and controlling PWHT, including heating/cooling rates and
hold time and temperatures, shall be stated on the WPS or by reference to the PWHT procedure.

9.2.4 PWHT shall be applied in a uniform manner throughout the entire thickness of the weld either
in a furnace or for local PWHT, using electrical resistance or induction methods.

9.2.5 Direct flame impingement or an exothermic heat source on any part of the assembly shall not be
applied.
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Table 7 — PWHT holding temperatures and holding times

Design Nominal Minimum Minimum time
Fluid service g material holding at holding
temperature .
thickness temperature 2 temperature
All (except as modified below) <19 mm None Not required
All
>19 mm b 595°C¢ 1h/25 mm, Th
minimum
MEA, DIPA, Potassium carbonate All
DEA, MDEA, aMDEA >60 °C
DGA >30 °C All 620 °C th/2> mm, 1h
minimum
Sulfinol >90 °C
Caustic >40 °C

a  |The maximum PWHT temperature shall be atleast 20 °C below the minimum tempering temperature for bgdse materials

subject to a tempering heat treatment during manufacture, unless acceptable properties at a different temgerature and

hold time are demonstrated during weld procedure qualification.

b |Exemption from PWHT is not permitted, unless supported by a specific ECA,’generic industry guidance or documented

and| relevant safe operating experience, and approved by owner. EEMUA 235 can be referenced as an examplle of generic

indyistry guidance.

¢ |Alternative lower PWHT temperatures of ASME B31.3 shall not be agplied for welds exposed to sour envirfpnments.

d |Alternative lower PWHT temperatures of ASME B31.3 shall nat-be'permitted.

9.217 All machined surfaces shall be protected to“prevent oxidation or damage.

9.2)8 Supportshall be provided to prevent deformation during PWHT.

9.219 Thermocouples shall be insulated from the heat source.

9.2]10 For PWHT of piping assemblies undertaken in a furnace, the following requirements|apply:

a) [furnace shall be electrieal-or fired with low sulfur fuel;

b) [the fuel/air mixture'shall produce a neutral flame;

c) |aheat treatment.of a part of the piping assembly in a furnace may be applied, provided[the length,
L, of the oveplap of the previously heat-treated section is the greater of 1 500 mm or the value as
given in Formula (1):

L = 2,5¥(2D-46)t (1)

d) thet uluuuuy}ca attached—dit cut}_y to—the—intet ua}, as—far—as 1923 ati\,al, or—exterral—surfaces at

the thickest and thinnest component section, per each furnace heating zone, shall be used to
continuously and automatically monitor, control and record the temperature on a chart from the
start of the controlled heating cycle to the completion of the controlled cool down cycle.

9.2.11 For welds subject to local PWHT, the following requirements apply:

a) theminimum heated band width, HBW, shall be the greater of the value as determined in accordance
with AWS D10.10 or the value given in Formula (2):

Hgy = 2,5VRt (2)
b) the bore or ends of the pipe shall be plugged or closed to avoid through-draughts.
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<)

the minimum number and placement of thermocouples used to continuously and automatically

monitor, control and record the temperature on a chart from the start to the completion of the
controlled heating and cool down cycle shall be determined in accordance with AWS D10.10.

9.2.12 The results from all PWHT shall be documented.

10 Bending of pipe

10.1 General requirements

10.1.1 Pip
sheet prov

NOTE f
10.1.2 All

10.1.3 Pip
the bend a

10.1.4 Fory
within +40

10.1.5 Diy

10.1.6 For

All lubricanpts used during bending operations shall-be completely removed from the surface of the b

on complet
10.1.7 Aq

10.1.8 Es{

e bending engineering design shall meet the requirements of ASME B31.3 and element ¢
ded in Annex B and Annex C.

urther good practice for pipe bending is given in PFI ES-24.
bending operations shall be performed in accordance with a written precedure.

e selected for bending shall not include circumferential groove welds or attachment weld
'ea, transition zone or within the first 50,8 mm or 2 ¢, whichevenis greater, of the tangen

single plane bends, pipe with a longitudinal seam weld{shdll have the weld axis orientz:
° in relation to the pipe neutral axis.

ect flame impingement shall not be applied.

bending of CRA pipe, any lubricant used $hall have a maximum of 50 mg/1 soluble hali
ion.

ualification bend shall be produeed for any /cold formed and induction bends.

ential variables for procedure qualification are specified in Table 8.

Table 8 — Essential variables for bend procedure qualification

lata

es.
end

Variable Essential variable
Material Change of MDS or type of material grade
Type of pipe Welded pipe qualifies seamless pipe, but not vice-verda

Bend radius One radius qualifies all larger radii, but not vice-vers

Diameter +0 %, -50 %

vveld seailn 10Cation T157 Iromm quallTication bend Iocation

Mother pipe t < 19 mm +10 %, -25 %

Mother pipe t > 19 mm +0 %, -25 %

Post bend heat treatment Any change
Type of bending equipment Any change
Induction bend forming speed Greater of +2,5 mm/min or +10 %
Induction bend coolant Any change
Induction bend coolant flow rate/pressure +10 %
Induction bend coolant temperature +15°C

Induction bend power +5 % in steady conditions
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Table 8 (continued)
Variable Essential variable
Induction bend frequency +20%
Hot forming temperature +25°C

10.1.9 For hot induction bending, all testing of qualification bends shall be according to Table 9.

Table 9 — MPS qualification test for bend in carbon and stainless steels, nickel alloys and clad

pipe?.8
Carbon and Austenitic SS -
Type of tests low alloy Duspslex and Nickel CS Clads Test cond1t10n§ an.d accept-
ance-criteria
steel alloys
Terysile T T T T According to the mpther pipe
Ter|sile transverse weld T T T T |Specification.
Chdrpy V-notch (CVN) Tb Tb N T
Thiough thickness hard- T N N Tee
ness (Including HAZ if
apglicable)
Midrostructure N T T Td
Corrosion N T T N
Benjd test T N N Ts ISO 15614-1/ASMHIX
Surfface NDT! T and P TandP T/and P T and P8
Benjd body (UT) lamina- N N N P
tions
Redidual magnetism ends P N N P <2 mT (20 Gauss)

a |Definition of N, O, T and P shall be as follows;
N - Not required.

0 - Performance of the test or inspection on a production induction bend may be required by agreemgnt.
P - Required for each produetion bend.
T - Required for each testbend.

b [For bends with wall thickness greater than 20 mm, additional Charpy V-notch testing shall be performed during MPS
quallification testing. In addition to the test pieces sampled 2 mm below the outer surface, the same number ¢f specimens
shall be sampled 2 mmdelow inner surface position in the following locations:

— transjtion’zones base metal (if applicable)
— bend/extrados base metal
—bend intrados base metal

— bend weld metal (if applicable)

¢ | The clad laver and interface to carbon or low-alloved steel shall be tested in accordance with ASME IX

d  The cladding thickness shall be verified by destructive testing at the extrados location. The cladding thickness shall be
minimum 3 mm after bending.

¢ For clad pipe bends the MPS qualification shall repeat the mechanical testing from the clad WPQR, i.e. side bend and
hardness tests, ref. ISO 10423 PSL 3.

f For all bends, independent of material type, the bend body shall be visual and surface inspected according to
[SO 15590-1.

g  The cladding of carbon or low-alloyed steel shall be 100 % inspected with LP and bond line integrity with UT per
API 6A/ISO 10423 PSL 3.
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10.1.10For hot induction bending, the tests shall be located as specified in Table 10 and Figure 3.

Table 10 — Location of test specimens and type of destructive testing of qualification test bend
dependent of type of material, see Table 9

Location, ref. Figure 3 Type of test
Tangent base metal (7) — Tensile
Testing after bending is not necessary if test results are avail- |__ Charpy V-notch
able for mother pipe and the tangent is not heat-treated during
induction bending or subsequent heat treatment. — Microstructure

— Corrosion test

— Through-thickness hardness

Tangent wdld (1) — Tensile transverse, ISO 15614-1/ASME |X
Testing aft¢r bending is not necessary if test results are avail- | _  Microstructure

able for mofther pipe and the tangent is not heat-treated during

induction Bending or subsequent heat treatment. — Charpy V-notch

— Corrosion test
— Through thickness hardness

— Guided bend, ISO 15614-1/ASME IX

Transition zones base metal extrados, start and stop (2) — (Tensile

Testing in qtop transition zone is not required provided =& Charpy V-notch
quenching pf heated zone is carried out continuously. (No

release of gipe clamp needed.) —  Microstructure

— Corrosion test

— Through-thickness hardness

Transition rones weld (start and stop) (5) — Microstructure
Testing in qtop transition zone is not requited-provided —  Charpy V-notch
quenching pf heated zone is carried out-eontinuously. (No
release of gipe clamp needed.) —  Corrosion test
Bend extraflos base metal (3) — Through-thickness hardness
Bend intradlos base metal (6) — Tensile
— Charpy V-notch
— Microstructure

— Corrosion test

— Through-thickness hardness
Bend weld (4) — Tensile transverse, ISO 15614-1/ASME IX

— Microstructure

— Charpy V-notch

— Corrosion test

— Through-thickness hardness

— Guided bend, ISO 15614-1/ASME IX
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Key

N O U W e

tangent weld

transition zone base metal (both stop and start transitions)

bend extrados base metal

bend weld

transition zone weld (both stop and start transitions)

bend intrados base metal

tangent base metal

Figure 3 — Location for extraction of test samples

10.2 Heat treatment of bends
10.2.1 Cold formed bends shall be heattreated in accordance with
a) |whenrequired by ASME B31:3,'and
b) |the requirements in Table-11.
Table 11— Additional criteria for heat treatment after cold bending
Material Service Additional criteria for heat treatment
P-No 1 th%()ugh P*No Non-Impact tested According to cold bending ar};%io;mlng requirementpg of ASME
Impact tested @ i )
- - Fibre elongation exceeds 5 %
Alkaline service
Carbon steels
Sour service Hardness value or fibre elongation after bending exceeds the
maximum value specified in ISO 15156-2
Impact tested 2 Fibre elongation exceeds 5 %
SS 300-series Sour service Hardness value after bending exceeds the maximum value
in ISO 15156-3
Impact tested @ Fibre elongation exceeds 5 %
SS type 22Cr duplex . Required unless cold formed bend is qualified in accordance
Sour service :
SS type 25Cr duplex with ISO 15156-3
Subsea (non-sour) Hardness value after bending exceeds 35 HRC
a  Onlyrequired when impact testing is specified in ASME B31.3.
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Table 11 (continued)
Material Service Additional criteria for heat treatment
High alloy stainless Impact tested @ Fibre elongation exceeds 5 %
steel Sour service Hardness value after bending exceeds 35 HRC
: . Hardness values after bending exceed maximum values
Other CRA materials Sour service n1SO 15156-3

a2 Only required when impact testing is specified in ASME B31.3.

10.2.2 Ho
forming op

NOTE N
the inductidg

10.2.3 He
methods a

— using
rate as

— as a st
tempe
demorn

— during

10.3 Examination of bends

10.3.1 Ea

a) cleane

b) subjec

t formed hends shall be heat-treated in accordance with 102 3 asa separate operation t the
eration.

eparate heat treatment of induction bends can be omitted, if satisfactory results are obtained ffrom
n bending process itself.

it treatment after bending shall be performed in accordance with one\of the following
b appropriate to the material grade:

he original heat treatment methodology, hold temperature and, time, and heating/cooling
specified in the relevant inspection document;

ress relief heat treatment at a temperature at least 20 2€‘below any minimum specified
"ing temperature, unless acceptable properties at a diffetent temperature and hold time|are
strated during bend procedure qualification; or

the final furnace PWHT of the piping assembly or 8ub-assembly in accordance with 9.2.

h qualification and production bend, including any longitudinal seam weld, shall be
1 of scale, and

[ to the examination and testing requirements in Table 12.

Table 12/— Examination and testing of bends

Tejst Qualification bend Production bend

Visual ex4d

mination |All bends shall be free from cracks, buckling, gouges, flattening, wrinkling, die mark$ or
other’surface imperfection out with the requirements of ASME B31.3 or the engineerjing
design

Physical ifspection.\{ The minimum and maximum thickness, finished dimensions, angularity, profile, flat§en-

ing, peaking and ovality measurements shall meet the requirements of ASME B31.3 gnd
the engineering design

T bl 11 R ) ——t ] 1 - 1 : b T w1 - Foll =l a W aY [ NN ||
N]: I Ul T4l UTIIU, UIT TIIT AUUS dITU TALT dAUUS, TIIUITUUTITE UIT STTdiTH UL OU, 0 TITIIT UT Z. 10 U1 the

tangent area (and including the start/stop transition zone of induction bends), shall be
examined by MT or PT in accordance with the requirements of 12.3 or 12.4, and RT or
UT in accordance with 12.5 or 12.5.7 of the longitudinal seam weld (if present)

Mechanical and cor- | Properties from samples taken from the N/A
rosion testing extrados, and the extrados start/stop tran-

sition zone for induction bends, shall meet
the requirements of the product material
specification and engineering design

Hardness testing In accordance with the product material All bends shall be tested in accordance

specification or engineering design with 12.8
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10.3.2 Rejected bends shall be either re-worked and re-heat treated, if applicable, once or replaced in
their entirety:.

10.3.3 The results of any heat treatment and all examination and testing shall be documented.

11 Installation

11.1 General requirements

11.1.1 Assembly and erection shall meet the requirements of ASME B31.3, the engineering/design and
thid document.

11.1.2 All piping assemblies, sub-assemblies, components and in-line equipment or instruIents shall
be ¢xamined before assembly and erection to verify freedom from contaminatiom, loose materials and
debris.

11.1.3 Open ends shall be blanked until ready for connection.

11.1.4 Fabricated pipe spool alignment tolerances shall meet the requirements of ASME B3|L.3 and PFI
ES-B, unless specified otherwise in the engineering design.

11.1.5 Heating of piping to correct misalignment is prohibited.
11.2 Threaded connections

11.2.1 For non-seal welded threaded connections, only liquid thread joint sealant/compouhd, applied
to the male end, shall be used.

11.2.2 For seal welded threaded donnections, a maximum of three threads shall be visible prior to
welding.

11.3 Bolted connections

11.8.1 Bolted connections shall meet the requirements in ASME B31.3 for flanged [joints, the
engineering desigm:

11.8.2 Thedntegrity of bolted connections shall be managed to ensure they meet the requirements in
13.3 and 134!

NOTE ISO 27509, ASME PCC-1 and Energy Institute guidelines(24] can be referenced in developing integrity
marﬂgemeﬁbpfeee&sesﬁﬁd-pmed&res-iepbehed-eenﬁeﬁleﬁﬁ—ll' -

11.3.3 Bolted connections to static equipment and rotating/reciprocating machinery shall be
offered-up ‘strain-free’ and both mating flanges/hubs checked for misalignment, within the specified
tolerances, prior to connecting to the equipment.

11.3.4 All torqueing and tensioning equipment shall be calibrated and have a valid calibration
certificate. Maximum validity for calibration certificate is 12 months.

11.3.5 All bolted connection shall be tagged (whether temporary or permanent) with its unique
identification number and the means to document the status of the connection and the personnel
responsible for assembling, tightening and inspecting it.
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NOTE Tags can be permanent (e.g. if a life-cycle record is required) or temporary (e.g. if its purpose is only to
show status during construction/commissioning).

11.3.6 All bolted flange and clamp connections shall have controlled tightening by means of
manual torque wrench or hydraulic bolt tightening equipment. For bolts with diameter larger than
1 inch, hydraulic equipment (tensioning or torque) shall be used.

11.3.7 The method selected for tightening bolted connections shall be qualified by tightening joints
under controlled conditions using the same flange size and rating, bolting and flange/clamp materials,
lubricant and equipment as proposed for production tightening.

11.3.8 Eag¢h completed bolted connection shall be inspected to verify that
a) itsalignment, correct gasket and fasteners are installed,
b) there 4re no loose bolts/nuts, and

c) for bolted connections, the tag documentation is complete and represents its specified status.

11.3.9 Unpacceptable bolted connections shall be re-worked and re-inspected: For bolted connectipns,
the tag shalll be updated to document the rework status.

Q

11.3.10 Where a bolted connection is released (‘broken’) either prior to, or after, leak testing or
tightness tpsting, the following requirements apply:

a) thesame methodology as used for the original tighteningptrocess shall be followed for re-tightefing
the copnection;

b) the alignment, gasket/seal and condition of gasket seating surface/metal sealing face shal] be
assessgd for cleanliness or damage;

c) gaskets/seals shall be replaced with new ghes;

NOTE Metallic ring joint gaskets and mietallic seals can be re-used, if recommended by the gasket/seal
manufgcturer and if they do not show.signs of damage.

d) for bolted connections, the tag shall be updated to document the rework status.

11.3.11 The results from tightening of bolted connections shall be documented in accorddqnce
with 5.2.6.

12 Insp€ction,-examination and testing

12.1 General requirements

12.1.1 Inspection, examination and testing shall be performed in accordance with the requirements of
ASME B31.3, Chapter VI.

12.1.2 All examination activities shall be performed in accordance with a written procedure in
accordance with ASME Boiler and Pressure Vessel Code, Section V:2019, T-150.

12.1.3 The results of all inspection, examination and testing shall be included in the final handover
documentation in accordance with 5.2.6, unless otherwise specified in this document.
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12.1.4 The examination category for specific fluid services, pressures and temperatures, and
construction materials is defined in Table 13.

Table 13 — Definition of examination category

NDT Cate- s . Design temperature
a ystem service Pressure class
gory °oC

Category D fluid service non-flama-

b -

e ble and non-toxic fluids 150 2910 185

2 Normal fluid service 150 and 300 Below creep range
Normal fluid service 600 and above All

3 Severe cyclic service All Al
Category M fluid service All All
High temperature service All Above creep rapge

a  |For NDT category definition, if criteria is valid for more than one category, the higher NDT‘category prevalls.

b |Applicable to carbon steels and stainless steel type 316 only.

¢ |Applicable for all materials in open drain systems.

12.1.5 The type and extent of NDT per examination category shall be in accordance with thgq additional
reqpirements in Table 14.

Table 14 — Examination category,type and extent of NDT

Expmination Type & extent of NDT
Weld type -
tategory Visual? RT or UTbc MT or PT
Circumferential groove weld 100 % 5% random | 5 % random
Contour/extruded outlet fitting groove weld spot spot
Other branch connection grove welds, 5 4 random
including integrally reinforced branch 100 %2 Not required OS ot
1 cenhections p
Socket weld
o 100 % Not required > b random
Pressure retaining fillet weld spot
Non-pressure retaining fillet weld ] )
100 % Notrequired | Notrequired
Rémoval of temporary attachment welds
Circumferential groove weld
o 100 %2 5% random | 5 ¢ random
Contour/extruded outlet fitting groove weld
Other branch connection groove welds,
including integrally reinforced branch 100 %2 5% random | 5 % random
connections
2 5 % random
Socket weld 100 % pipe-socket 5 % random
gap
Pressure retaining fillet weld
Non-pressure retaining fillet weld 100 % Notrequired | 5 % random
Removal of temporary attachment welds
a  The internal surface of the root pass of welded branch connections shall be visually examined to verify conformance
with the acceptance criteria in ASME B31.3, Table 341.3.2 or as specified in this document.
b In-process examination shall not be substituted for all or part of the specified RT or UT examination.
¢ UT may be used to examine the root area in partially completed welds in thicker-section components to mitigate the
need for through-wall repairs after the weld is completed.
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Table 14 (continued)
Examination Type & extent of NDT
Weld type -
category Visual? RT or UTb.c MT or PT
Circumferential groove weld
. 100 %2 100 % 100 %
Contour/extruded outlet fitting groove weld
Other branch connection groove welds,
including integrally reinforced branch 100 %@ 100 % 100 %
connections
3 5 9% random
Socket weld 100 % pipe-socket 100 %
gap
Pressure retaining fillet weld
Non-pressure retaining fillet weld 100 % Notrequired 100 %
Removal of temporary attachment welds
a  The intgrnal surface of the root pass of welded branch connections shall be visually examined.to verify conformgnce
with the accpptance criteria in ASME B31.3, Table 341.3.2 or as specified in this document.
b In-procgss examination shall not be substituted for all or part of the specified RT or UT\examination.
¢ UT may|be used to examine the root area in partially completed welds in thicker-section components to mitigate|the
need for thrpugh-wall repairs after the weld is completed.

12.1.6 WHere 5 % random or 5 % random spot examination isspecified, the following requirem¢nts
apply:

a) the wellds selected as part of the 5 % sample shall include each welder’s or welding operator’s work
for eadh WPS used;

b) each welder or welding operator shall have their first two production welds (or their part if|the
weld i$ made by more than one welder/welding operator) in the lot examined as part of the p %
samplg;

c) examination shall be undertaken immediately upon completion of the designated lot;
d) resultg shall not be applied to incomplete welds at the time of examination;

e) progrdssive sampling for éxamination shall be performed immediately after a defective weld is
found;

f) progrdssive sampljng shall not be accepted as part of the minimum random or random §pot
examination requirements;

g) for 5 % randemi’spot examination, the lesser of 150,0 mm or 25 % of the weld length shall be
examined

12.1.7 Welders or welding operators shall be re-tested and, if necessary, re-trained, when their repair
rate exceeds criteria specified in the engineering design.

12.1.8 Each welder or welding operator subject to re-testing shall, on recommencing work, have their
first five production welds completely examined.

12.1.9 Use of ultrasonic examination in-lieu of radiographic examination for welds between 5,5 mm
and 9,5 mm thickness or where an acceptable radiographic exposure technique is not capable of
meeting the requirements of ASME B31.3 and this document, may be applied subject to meeting the
requirements of 12.6.3. Recordable automated or semiautomated (e.g.TOFD and /or Phased Array)
ultrasonic examination shall be used when replacing radiographic examination, providing that
recordable UT.
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12.1.10 Closure welds shall be subject to additional examination as follows:

a) examination of all weld preparations by MT or PT in accordance with 12.3 or 12.4;

b) in-process examination;

c) examination of completed groove welds by MT or PT in accordance with 12.3 or 12.4, and RT or UT
in accordance with 12.5 or 12.6;

d) examination of completed socket welds or seal welded threaded joints by MT or PT in accordance
with 12.3 or 12.4;

e) |production tests as specified in 12.7, 12.8 or 12.9 as applicable.

12.1.11 Documentation of all examinations shall be prepared in accordance with ASME Boiler
and| Pressure Vessel Code, Section V:2019, T-190.

12.2 Visual examination

12.2.1 The discolouration (‘heat tint’) of weld metal and HAZ of €RA materials shall be visually
examined before cleaning, both during and after completion ofiwelding, to verify accgptable gas
shiglding or back purging is in accordance with Table 15. Annex/A provides guidance on acc¢ptable and
unacceptable oxidation levels.

Table 15 — Maximum oxidation levels for CRAs

a | Welds shall not be ground or brushed before visual examination.

Material Weld colour Remedial actign
pAll CRAs (with exception of CP Weld colour of light straw/brown to No action
titanium) brown
Narrow band of dark brown and No action
intermittent spots of blue
Darker blue or more extensive Remove oxidation by mlechanical
oxidation means or by chemical cl¢aning and
re-examine weld
CP titanjum? Silver No action
Light straw No action
Blue, grey or powdery white Completely remove weld and ox-
idised area, prepare, refweld and
re-examine

a | Welds shall not be ground or brushed before visual examination.

12.2.2 When internal root bead requires to be smooth and flush, a visual examination shall be
performed to guarantee that weld surface is aligned to internal diameter of the pipe.

12.2.3 For carbon steels in sour service, the height of the root pass internal reinforcement or protrusion
shall not exceed 3,0 mm for ¢t > 6,0 mm. This shall be included in the weld qualification procedure and
submitted to visual inspection according to 12.2.4(d).

12.2.4 The results of the following visual examinations shall be reported and recorded in accordance
with the requirements in ASME Boiler and Pressure Vessel Code, Section V:2019, T-990 or ISO 5817
quality level B:

a) when specified on the ITP;
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b) wheni

‘)
d)

n-process examination is specified in ASME B31.3 and this document;

internal root pass bead profile at welds as per item 12.2.2;

12.3 Magnetic particle examination

internal root bead profile at accessible welds categorised in sour service or severe cyclic service.

12.3.1 Magnetic particle examination shall be performed with wet particles and colour contrast using
an electromagnetic yoke technique.

12.3.2 A
the examin

12.3.3 Th
be applied,

12.3.4 Th
ASME Boil

12.4 Liqu

12.4.1 A
the examin

12.4.2 Th
be applied,

12.4.3 Th
ASME Boil

12.5 Rad

hinimum of 25,4 mm of base material either side of the weld centreline shall be include
ation.

b essential variables in ASME Boiler and Pressure Vessel Code, Section V:2019, Article 7 s

b results of MT examinations shall be documented in accordance with the requirement
br and Pressure Vessel Code, Section V:2019, T-790.

id penetrant examination

hinimum of 25,4 mm of base material either side of.the'weld centreline shall be include
ation.

b essential variables in ASME Boiler and Pressure Vessel Code, Section V:2019 Article 6, s

e results of PT examinations shall be_.documented in accordance with the requirement
b1 and Pressure Vessel Code, Section-V:2019, T-690.

ographic examination

12.5.1 Fluyorescent or fluoro-metallic intensifying screens shall not be used.

12.5.2 Ge
the limits i

bmetric un-sharpness values for penetrated material thickness ¢t < 50,8 mm shall not exd
h ASME Boilers'and Pressure Vessel Code, Section V:2019, T-274.2 and Table 16.

Table 16 — Geometric un-sharpness limits

d in

hall

d in

hall

S in

eed

Penetrated material thickness Geometric un-sharpness
t -
t<12,7 mm 0,30 mm
12,7 mm < t < 25,4 mm 0,35 mm
25,4 mm<t<50,8 mm 0,51 mm
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12.5.3 Radiographic film class shall be selected to meet the applicable quality requirements (e.g.
IQI sensitivity, density, contrast, geometric un-sharpness) of ASME Boiler and Pressure Vessel Code,
Section V:2019. As a reference, the minimum classification should be in accordance with Table 17.

Table 17 — Radiographic film classification

Apblication Film classification per | Film classification per
pp ISO 11699-1 ASTM E1815
X-ray techniques Impact tested carbon steels;
C3 or C4 Typel
Carbon steels in sour service
All other ma_terlals and service C4 or C5 Type FoPlype II
environments
Gamma-ray tech- Impact tested carbon steels;
niques C2orC3 Typell
Carbon steels in sour service
All other ma_terlals and service C3 or C4 Typeli
environments

12.5.4 Computed or digital radiography shall be performed in accerdance with the requifements in
ASNIE Boiler and Pressure Vessel Code, Section V or ISO 17636-2 Class A.

12.5.5 Film-side IQI sensitivity shall be at least as good as thatfor source-side 1QIs.

12.5.6 Acceptance criteria for weld examination shall cGonform to ASME B31.3, Table 341.3.2 and the
addjitional requirements in Table 18.

Table 18 — Additional:RT acceptance criteria for welds

Application Rejectable weld imperfections

Carbon steels in sour service Incomplete penetration

Internal undercut

12.5.7 The results of RT exdminations shall be documented in accordance with the requifements in
ASNIE Boiler and Pressure Vessel Code, Section V:2019, T-290.

12.6 Ultrasonic examination

12.6.1 Ultrasenic computerized imaging technique (CITs) shall be qualified and applied in ficcordance
with the requirements of ASME Boiler and Pressure Vessel Code, Section V and all non-mandatory
appendicesapplicable to the selected technique.

12.6.2/Ultrasonic examination techniques for CRAs and dissimilar metal welds shall be qualified and
applied in accordance with the requirements of ASME Boiler and Pressure Vessel Code, Section V and
ISO 22825.

12.6.3 Ultrasonic examination techniques for ¢ < 9,53 mm shall be qualified using a demonstration
block with a thickness between 75 % and 100 % of the actual production thickness under examination.

12.6.4 Grouping of discontinuities shall be assessed in accordance with
a) therulesinISO 11666:2018, 6.4, for amplitude-based UT techniques, and

b) the rules for multiple flaws in ASME B31.3, Appendix R, where ECA/fracture mechanics acceptance
criteria are specified.
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12.6.5 Acceptance criteria for weld examination shall conform to ASME B31.3 and the additional
requirements in Table 19.

Table 19 — Additional UT acceptance criteria for welds

Application Rejectable weld imperfection
Carbon steel Sour service Cracks
Carbon steel and CRAs Severe cyclic service Lack of fusion

Incomplete penetration

Internal undercut

Carbon steel and CRAs All other service environments Cracks
All ECA/fracture mechanic-based | ASME B31.3, Appendix R or as_specified|in
design the engineering design
12.6.6 The results of UT examinations shall be documented in accordance with the'requirements in

ASME Boilg

12.7 Positive materials identification

br and Pressure Vessel Code, Section V:2019, T-490.

12,71 P

a) weld

testing;

b) CRAD

marking.

12.7.2 Eaq
around thdg

12.7.3 A
be tested. |
requireme
be carried
establishe

Note

12.7.4 Th
component

12.7.5 Suj

]\I shall be performed on completed piping for all materials‘except carbon steels as follow$:

etal and base piping materials on either side of the weld, prior to leak testing or tightmess

)

Its and nuts shall also be tested, if it is not possible to verify the material quality by its g1

weld circumference.

yritten PMI procedure shall bé established giving materials, product forms and system|
[he test procedure shall inlude the method to be used, equipment calibration, qualifica
hts for PMI personnel, acceptance criteria and documentation requirements. The PMI s
out with equipment-eapable to identify the specified type of material in accordance
| procedure. Arc entission instruments shall not be used if arc strikes cannot be made go

ES technique isbetter suited to identify carbon content.

h

extent(of' elements analysed shall be sufficient to verify nominal composition of
or weld-metal.

h test shall comprise one set of thrée-measurements in close proximity at any locat

ade

—n

on

S to
[ion
hall
vith
hd.

the

(60 to 35) microns, and solvent cleaned to remove any surface films.
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12.7.6 Acceptance criteria shall be in accordance with Table 20, unless otherwise specified in the
engineering design.

Table 20 — PMI acceptance criteria

Component Acceptance criteria

Base materials and deposited weld metal The relevant element concentration is within the stat-
ed tolerance range for the PMI instrument

Base material Not less than 10 % of the minimum specified element
concentration value or greater than 10 % of maximum
Speciiled element concentration value Inthe base ma-

terial specification

Deposited weld metal between similar base materials | Not less than 10 % of the minimumrspecifi¢d element

using matching filler material(s) concentration value or greater than 10 % of maximum

specified element concentrationvalue in the welding
filler materialspecification

Dgposited weld metal between dissimilar base mate- | Notless than 10 % of the minimum value ¢r greater
rials than 10 % of maximum Value recorded or} the PQR

12.7.7 If a valid measurement at one location gives a value outside the acceptance cifiteria, two
addjitional locations shall be measured in the vicinity of the firstmeasuring point.

NOTE Subject to owner approval, a more accurate chemicalandlytical method can be used to fvalidate the
megdsurement and whether it is within the acceptance criteria.

12.7.8 All materials shall be made good after examination.

12.7.9 All acceptable components and welds'hall be clearly marked. This identificatign shall be
retgined, until all examination, inspection andtesting are complete.

12.7.10 The results from each test shall’be documented and made available for owner inspection, but
arenot required to be submitted in actordance with 5.2.6 unless otherwise specified in the engineering
des|gn.

12.7.11Rejected components'and welds shall be repaired or replaced in accordance with 12]10.
12.8 Production testing

12.8.1 Production tests shall be performed as defined in the Material Data Sheets of ISO 13703 Part 2
or Qwner Specifications.

12.8.2"In the following items requirements for production hardness testing are specified, when
har i i i ificati i i uplex and
austenitic stainless steels.

12.8.3 Production hardness testing shall be performed on butt welds in completed piping assemblies,
or readily identifiable sub-assemblies, in sour service as follows:

a) one test prior to leak testing or tightness testing on each groove weld in Examination Category 3;

b) one test on not less than a 5 % random spot selection of groove welds per welder/welding operator
per WPS used in Examination Category 2.

12.8.4 Each hardness test shall comprise one set of three measurements in close proximity, at the 12
o’clock position and either the 9 o'clock or 3 o’clock position.
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12.8.5 Hardness testing shall be performed in accordance with a written procedure by portable
hardness testing instruments, within the limits recommended by the instrument supplier. and the
hardness testing instruments shall be calibrated prior to the start of each set of tests.

NOTE The accuracy, precision and reliability of measurements from portable testers depends strongly on
the surface preparation and thickness of the component or weld being measured. Reference can be made to
ASTM A833, ASTM A956, ASTM A1038 and ASTM E110 in developing appropriate testing procedures.

12.8.6 Conversion of hardness values shall conform to the methods specified in either ASTM E140 or
ISO 18265. A specific conversion table for cases not covered in the previous standards shall be agreed

with the owner In case of conversion the measured values shall also bhe recorded in the documentation

in addition|to the converted values.

12.8.7 Acg¢eptance criteria for butt welds in sour service shall be in accordance with 1S0,15156- or

ISO 1515643.

12.8.8 If 3 valid measurement at one location gives a value out with the acceptance criteria, fwo

additional Jocations shall be measured in the vicinity of the first measuring point,

12.8.9 The results from each test shall be documented and made available for owner inspection,|but

are not required to be submitted in accordance with 5.2.6 unless otherwise’specified in the engineefing

design.

12.8.10 Rejected welds shall either be heat treated insaccordance with 9.2, and verified by

hardness tgsting on completion, or replaced in accordance with 12.10.

12.9 Weld metal ferrite testing

12.9.1 Ferrite control shall be required for austenitic stainless steel weld metal, where the seryice

applicatior] exceeds 662 °F (350 °C) or if below;-150 °F (-101 °C), or where the weld will be subjedt to

PWHT.

Note When required for SS type 22€r\duplex and SS type 25Cr duplex, guidance for ferrite control cah be

found in ISQ 17781.

12.9.2 Weld metal ferrite testing shall be performed on completed piping assemblies, or readily

identifiablg¢ sub-assemblies;as-follows:

a) one te§t prior to legktésting or tightness testing on each groove weld in Examination Category|3;

b) one te$t priorfo leak testing or tightness testing on not less than a 5 % random spot selectiop of
groove welds per welder/welding operator per WPS used in Examination Category 2.

12.9.3 Each-test shall comprise one set of three measurements in close proximity_at eitherlthe

12 o’clock, 3 o’clock or 9 o’clock position.

12.9.4 Ferrite testing shall be performed in accordance with a written procedure by instruments using

direct mag

netic force or magnetic induction in accordance with AWS A4.2M or ISO 8249.

12.9.5 The following calibrations requirements apply:

a) calibration blocks shall be traceable to the I[IW secondary calibration standards;

b) calibration blocks shall cover the FN range under examination;

c) instrument readings during calibration shall be within the maximum deviation from the FN value
assigned to the relevant secondary standard.
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d) correction for thickness and curvature shall be applied as appropriate, per instrument

manufacturer’s recommendation.

12.9.6 Surfaces to be examined shall be prepared in accordance with AWS A4.2M or [SO 8249.

12.9.7 Only sequential measurements that are stable (within +3 % of the measured values) shall be
used.

12.9.8 Acceptance criteria shall be in accordance with Table 21.

Table 21 — Production weld metal ferrite testing acceptance criteria

Weld metal Acceptance criteria
All The reading is within the stated toleranceg range for
the instrment

S$ 300-series in cryogenic service - type E/ER 3XXL Average reading falls within 3 FN to 10 FN and no
individual value falls outside these valuef by 1 FN

SS[300-series in cryogenic service - type E/ER 16-8-2 | Average reading falls within 1 FN to 5 FN and no indi-

vidual value exceeds 6 FN
12.9.9 If a valid measurement at one location gives a vale ‘outside the acceptance cifiteria, two

addiitional locations shall be measured in the vicinity of the first measuring point.

12.
are
des

12.

12,

12.

D.10The results from each test shall be documented and made available for owner insp
not required to be submitted in accordance with:5.2.6 unless otherwise specified in the e

gn.

D.11Rejected welds shall be replaced in agcordance with 12.10.
10 Repairs and replacement

10.1 Where random®er random spot weld examination, PMI, hardness or fery

is s
res

©IS

.10.2 For_a1ocal weld repair, the area shall be contoured by machining, grinding

.10.3 The complete surface of the repair area shall be subject to visual examinatic
T ortPT in accordance with 12.3 or 12.4 to verify complete removal of the defect.

becified, progressive sampling in accordance with ASME B31.3, 341.3.4 shall be perfor
It is outside the specified acceptance criteria.

ing in accordance with 6.3, to permit access for visual examination and NDT.

the original WPS providing there is no change in the requirements specified in Clause 8,

a separate weld repair WPS qualified for the specific repair scenario, including any
requirements specified by ASME B31.3 or this document, or

ection, but
ngineering

ite testing
med if any

or thermal

n followed

additional

for SS type 22Cr duplex and SS type 25Cr duplex, weld repairs qualified in accordance with Table 22.
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Table 22 — Weld repair qualification for SS type 22Cr duplex and SS type 25Cr duplex welds

Weld repair type Weld qualification requirements

— Caprepair; or Use original qualified WPS subject to minimum of two

passes for cap repairs
— Partial penetration repair where the maximum

excavation depth is no closer than 6,0 mm from
the inner surface (i.e. remaining ligament beneath
the excavation is a minimum of 6,0 mm)

Partial penetration repair where the maximum exca- |— Test piece thickness shall conform with Table 4
vation depth lies between 3,0 mm and 6,0 mm from
the inner surface (i.e. remaining ligament beneath the |[— The testpiece shall have a section of the existinlg
excayation is between 3,0 mm and 6,0 mm) weld excavated to a depth that leaves between

3,0 mm and 6,0 mm remaining ligament-andfo
a length sufficient to undertake metallography,
ferrite determination and corrosion testing in
accordance with 8.3.5

Partial pehetration repair with maximum excavation Not permitted - weld shall be completely removef
cavity depth within 3,0 mm of the inner surface (i.e.
less than 3|0 mm remaining ligament) or through-wall

repair
12.10.5 For 25Cr duplex, 6Mo and titanium, only one repair attenipt shall be allowed in the saime
area.
12.10.6 Materials not covered by 12.10.5, only two repair-attempts shall be allowed in the same
area.

12.10.7Th¢ completed weld repair shall be subject to.#isual examination, NDT and production tesfing
using the spme technique(s) and procedures used initially to detect the defect.

12.10.8 Where a complete weld is ta.be replaced, the weld metal and at least 6,0 mm of|the
adjacent bgse materials shall be removed. The weld shall be prepared in accordance with 6.3.

12.10.9Weld repairs made to carbom steels after completion of PWHT without subsequent PWHT shhall
be subject fo the limitations in Table)7.

12.10.10 The results ffrem examination and testing of repairs shall be documented in accordqnce
with 5.2.6.

13 Clearling, leak testing and preservation

13.1 General requirements

13.1.1 The sequencing and methods for flushing, cleaning, leak testing or tightness testing, and
applicable acceptance criteria for cleanliness and leakage rates, together with requirements for
preservation after mechanical completion shall be specified in the engineering design for each piping
assembly:.

13.1.2 Flushing, cleaning, leak testing and tightness testing shall be performed in accordance with a
written procedure.

13.1.3 All piping assemblies shall be examined before flushing, cleaning or leak testing/tightness
testing to verify freedom from debris and contamination including removal of any temporary internal
protective coatings, paint or varnish.
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13.1.4 Flushing and cleaning operations shall be managed to avoid damage to piping assemblies,
sensitive in-line equipment, such as soft-seat/control/relief valves, instruments, and sensitive electrical/
electronic equipment or instruments in the vicinity, including but not limited to the following:

a) isolation or removal of sensitive equipment/components;

b) installation of all necessary supports/anchors, including supports for temporary spools to replace
isolated or removed equipment/components;

c) installation of additional valves for flushing and cleaning;

H £ H 1
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e) |provision of suitable vents and drains in accordance with the applicable piping class gt high/low
points;

f) |provision of suitable temporary filters, including appropriate controls to vetify their rethoval;

g) |provision of suitable baskets/target plates for trapping/recording debris.

13.1.5 Water used for flushing, cleaning or leak testing shall
a) |be near-neutral pH (pH = 6,5 to pH =7,5),

b) |contain a maximum of 50 mg/I chloride for use with S§300-series or 250 mg/1 chlorifles for use
with all other materials, and

c) |have low turbidity (less than 4 NTU).

13.1.6 Air used for shock blowing, flushing, drying or leak testing/tightness testing shall|be oil-free
and dry.

13.1.7 The metal temperature at any point in a system during flushing, cleaning leak testing/tightness
testling or air-drying operations shall' net exceed 50 °C.

13.1.8 0Oil used for flushing/cleaning shall be the same grade as that used in operation.

13.1.9 Once started, flushing/cleaning and leak testing/tightness testing activities shall beJcarried on
to completion and supéryised at all times.

13.1.10All cleaning’ agents and effluents used or produced during the flushing/cleaning, leak testing
and| subsequeft-preservation operations shall be safely recovered and disposed taking irJto account
locdl and statutory legislation.

13.141 The results from all flushing/cleaning activities and leak testing/tightness t¢sting shall

b +tod— d PRI e WA
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13.2 Flushing and cleaning

13.2.1 Specified flushing/cleaning velocities shall be monitored to verify they are met at all points in
the system.

13.2.2 On completion of flushing/cleaning with water, the water shall be drained immediately and the
system shall be air-dried to remove all traces of water, unless hydrostatic leak testing is performed as a
continuous operation.
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13.2.3 If draining of water after flushing/cleaning is not possible and hydrostatic leak testing is not
performed contiguously afterwards, alternative fluids such as methanol or inhibited water shall be
used.

13.2.4 Flushing/cleaning of machinery lubrication systems shall be performed in accordance with the
requirements of API RP 686.

13.2.5 Where mechanical cleaning is selected, all dust and debris shall be removed by air blowing and
vacuum cleaning.

13.2.6 WHere chemical cleaning is selected, the following requirements apply:

a) a leak|test shall be conducted with water at 1,5 times the intended circulation pressure before
introdpction of cleaning agents into the system;

b) cleaning agents shall not be introduced into a circuit, unless high-point vents and lew-point drains
are avjilable in order to ensure proper filling and complete removal of effluents.and venting offany
gas generated;

c) cleanipg agents shall not stand undisturbed in any part of the system at any time;

d) samplgs shall be taken during cleaning operations to verify ferric iton, total iron and acid strerjgth
(acid cleaning agents only) are in accordance with levels specified.in the procedure;

e) samplg¢s shall be taken during passivation and/or flushing operations to verify the effluert is
between 7 pH and 8 pH .

13.2.7 The system shall be inspected to verify that the specified level of cleanliness has been met.

13.2.8 If direct visual examination of pipe surfaces) baskets or target plates is not feasible, alternative
arrangements, such as the use of a borescopé-or removing pipe sections, shall be used to verify
cleanliness.

13.2.9 Alljlow point drains and high.peint vents shall be opened to verify the system is free from
liquids and gases.

13.3 Leak testing

13.3.1 Clgsure welds and/bolted or screwed connections that are not leak tested shall be tightness
tested in a¢cordance with 13.4.

13.3.2 The¢ metaltemperature during leak testing shall be maintained at 5 °C minimum and at I¢ast
7 °C abovethe specified MDMT for the duration of the test.

13.3.3 If it is impractical, as agreed with owner, to prevent ice formation test fluid with water or
ambient temperature air, alternative hydrostatic test fluids such as methanol or water with approved
anti-freeze, or warm air shall be used.

13.3.4 The ambient temperature during leak testing shall be 0 °C and above. If practical, the metal
temperature, pressure and time shall be:

a) monitored continuously throughout testing, and

b) documented once the test pressure is reached until the completion of the test.
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13.3.6 Where hydrostatic testing is specified, the following requirements apply:

a) pressure shall be applied gradually in stages up to the specified test pressure with each stage held
for a sufficient time to allow all parts of the piping assembly to stabilize.

b) ateach stage, the piping assembly shall be examined to verify there are no gross leaks;

c) once the test pressure is reached, it shall be held for a minimum period of 10 minutes or for a
sufficient time to undertake a complete examination of the pipe assembly under test; alternatively,
once the test pressure is reached, it shall be held for a minimum period of 30 minutes and then the
pressure reduced to the design pressure prior to examination;

d) [on completion of the test, the water shall be drained immediately, and the system shalbpe dried to
remove all traces of water;

e) |ifitis impractical, as agreed with owner, to immediately drain the water, alternative fluids such as
methanol or water with an approved corrosion inhibitor shall be used.

f) |a preliminary air test at no more than 500 kPa may be performed to identify any gross [leaks prior
to the introduction of water.

13.B.7 Where pneumatic testing is specified, the following requirements apply:
a) |pressure shall be applied gradually up to the lesser of 170 kPa or 50 % of the specified tedt pressure;

b) |thereafter, pressure shall be applied in stages no greater than 25 % of the test pressurg, up to the
specified test pressure with each stage held for a sufficient time to allow all parts off the piping
assembly to stabilise;

c) |ateach stage, the piping assembly shall be examined to verify there are no gross leaks;
d) |once the test pressure is reached, it shall be held for a minimum period of 10 minutes;

e) |once the end of hold period is reached, the pressure shall be reduced to the design pressiire prior to
examination.

13.B.8 For piping assemblies-Subject to an initial service leak test, a preliminary air test pt no more
than 170 kPa shall be performed prior to introduction of the service fluid.

13.B.9 For piping systems subject to sensitive leak test, the test medium shall be either air in
accprdance with 13176 or test media in accordance with 13.4.1.

13.8.10 De-pressuring of the system shall be performed in a controlled manner [to prevent
collppse fromwacuum or auto-refrigeration.

13.844 If any leaks are detected, the system shall be de-pressured, and the cause inpvestigated
and Temedted priorto re-testing.

13.3.12 Any welding performed after leak testing, such as seal welds to threaded connections or
a weld repair that is not re-leak tested, shall be treated as a closure weld.

13.4 Tightness testing

13.4.1 The tightness test, if applicable, is to be performed after final assembly. In such a case, the
following requirements apply.
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13.4.2 The test media for tightness testing shall be specified in the engineering design selected from

either

a) airinaccordance with 13.1.6,

b) helium or helium/N, mixture, or

c) N,

13.4.3 The test shall be performed in accordance with ASME Boiler and Pressure Vessel Code,
Section V:2019, Article 10 and the requirements in 13.3.7 up to the specified tightness test pressure and
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