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Foreword

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

Thé procedures used to develop this document and those intended for its further maintenance are descri
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different ty
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SO document should be noted. This document was drafted in accordance with the editorial rules of
[EC Directives, Part 2 (see www.iso.org/directives).

draws attention to the possibility that the implementation of this document may involve the use of]

hts in respect thereof. As of the date of publication of this document, ISO had not.received notice of]
ent(s) which may be required to implement this document. However, implementers are cautioned t
5 may not represent the latest information, which may be obtained from the patent database availabl
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rw.iso.org/patents. ISO shall not be held responsible for identifying any or all stch patent rights.

/ trade name used in this document is information given for the cohvenience of users and does
stitute an endorsement.

an explanation of the voluntary nature of standards, the meaning of ISO specific terms and expressi
hted to conformity assessment, as well as information about ISO's adherence to the World Tr
anization (WTO) principlesin the Technical Barriers to Trade (TBT), see www.iso.org/iso/foreword.hf
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s document was prepared by Technical Committee ISOATC 67, Oil and gas industries including lower car
gy, Subcommittee SC 2, Pipeline transportation systéms.

F feedback or questions on this document shotild be directed to the user’s national standards bod)
hplete listing of these bodies can be found at www.iso.org/members.html.
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Petroleum and natural gas industries — Pipeline
transportation systems

AMENDMENT 1: (‘nmplpmpntgry requirements for the

Ad

52

Add the following paragraph at the end of the subclause:

8.

~

Dej

transportation of fluids containing carbon dioxide or hydrogen

2 Nfrmative references

Categorization of fluids

6 Shear-fracture toughness

An

Addl the following'annex after Annex F.

the following documents:

ISO 27913, Carbon dioxide capture, transportation and geological storage — Pipeline transportation systgms

API Spec 5L, 46th edition (2018), Specification for Line Pipe

For category E fluids containing carbon dioxide exceeding the limit specified in G.1 the requirement
Annex G shall apply

For category E fluids containing hydrogen exceeding the limit specified in H.2, Annex H shall apply.

ignate the existing NOTE as NOTE-}-and add the following new NOTE:

NOTE 21S0 27913 providesguidance on determining the fracture-toughness requirements for the arf
of running shear fracturesiin carbon dioxide pipelines.
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Annex G
(normative)

Requirements for the transportation of fluids containing carbon dioxide
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| General

s annex provides requirements for the transportation of fluids consisting overwhelmingly‘of-carl
kide.

[E Industry-accepted interpretation of “overwhelmingly CO,” required by the Londox ‘Convention
tocol which came into force in February 2007 is 95 % molar fraction.

. General design consideration

en designing pipeline systems for the transportation of fluid containing overwhelmingly CO,,
owing specific properties of carbon dioxide shall be considered:

asphyxiant and mildly toxic;

non-flammable;

odourless;

heavier than air;

highly corrosive in the presence of free water;

transportable in both gas or dense phasezin manageable pressure and temperature regimes hay
adequate margin with respect to the phase'envelope to avoid two-phase flow during normal operati

significant impact of impurities on the thermodynamic properties and the potential hazards;

more susceptible to running shear fracture than conventional natural gas, especially if carbon dioxid|
transported in dense phase;

[E Carbon dioxide is-not classified as toxic under the Globally Harmonized System of Classification
elling of Chemicals. However, carbon dioxide is considered to be sufficiently toxic to be classified as a categot
d as defined in Table 1 '(sée Reference [8]).

3 Requirements
eline transportation systems designated for the transportation of the fluid defined in G.1 shall confq

he requirements specified in this document for category E substances and with the requirement
27918.
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Annex H

Add the following annex after the newly-added Annex G, before the Bibliography.
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Annex H
(normative)

Requirements for the transportation of fluids containing hydrogen
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H.4

.1 General

s annex provides requirements for the transportation of fluids containing hydrogen in quantity‘eéxceed
limits specified in H.2.

2 Limit of application

e requirements specified in this annex shall apply to fluids with hydrogen content equal to or in exd
he minimum for exposing the pipeline system materials to the risk of hydrogen émbrittlement or peo
ironment and assets to hazards different from those considered for category D substances and o]
pgory E substances.

[E The hydrogen content limit specified above can depend on.Sseveral factors (metallurgy, press
perature, contaminants, etc.) to be evaluated for the specific project casé./A molar fraction of 2 % has historic
n used as a limit below which no requirements additional to those specified for category D substances and ot

boory E substances apply. Laboratory testing indicates that hydrogencan have an effect on the material proper
wer concentrations.

8 General design consideration

en designing pipeline systems for the transportation of fluid containing hydrogen, the following sped
perties of hydrogen shall be considered:

highly flammable;

easily ignited and auto-ignited;

burning with flame almost invisible in day light;

easy to permeate and leak;

promoting steel embrittlement;

increasing in temperature when expanding.

[E An ovérview of the properties of hydrogen and related basic safety concerns, hazards and risks is provi

50/ TR 15916

I Materials
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H.4.1 Materials requirements

Materials shall conform to the requirements in Clause 8 and the following.

Line pipe shall conform to ISO 3183 with product specification level PSL2 or to equivalent line pipe

specification in case of repurposing of existing pipelines.
Line pipe steel grade shall not exceed L485.
ISO 3183 or API Spec 5L, 46th edition (2018), Annex G shall apply.

© IS0 2024 - All rights reserved
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Non-metallic materials and metals other than line pipe carbon steel shall be verified for compatibility

with hydrogen.

By way of example, EN 10208-2:2009 or API Spec 5L with adequate supplementary requirements and

ISO 3183-2:1996 or ISO 3183-3:1999 are linepipe specifications that can be considered as equivalent to ISO 3183 for

the

NOTE 2

purpose of this annex in the case of repurposing existing pipelines to hydrogen transportation.

and their suitability for hydrogen service.

NO

ER IS0 11114-2 IQOI/TR 15916 and EIGA IGC Dac 171[/14 prnvidp gni(‘lnnr‘p for the selection of non-met

ISO/TR 15916 provides some indications of metallic materials susceptibility to hydrogen embrittlement

llic

ma

H.
The

Consideration should be given to HIC testing.

NO
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H.]
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.5 Design factors

erials compatible with hydrogen.

.2 Recommended material properties
e material should have the following properties.
Line pipe steel should be treated for inclusion shape control.

Line pipe chemical composition should be in accordance with ISO 3183 or ARDSpec 5L, 46th edit
(2018), Table H.1.

Hardness of line pipe and steel components should be < 250 HV10 in parentmetal, heat affected zone
weld metal in factory made and field welds.

[E An ALARP (as low as reasonably practicable) approach ¢an help in deciding the application of
bmmended properties to newly built pipelines by balancing effort,time and money spent to apply the requiren
the benefit achieved. This approach most often leads to fulfilitient of the recommended properties.

.1 Hoop stress basic design factors

e hoop-stress design factor f; to be used in Formula (3) shall be determined in accordance w
mula (H.1):

fr = frnz ¥ Hy (H.1)
Pre

fnyz 1sthebase hdop design factor for the transportation of fluids with hydrogen content exceeding
limit specified in H.2, which shall be:

—  0;55for offshore pipelines;
and'if Annex B is applicable (see B.1):

— 0,55 for on land pipelines in location classes 1 to 4;
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Hy is the performance factor depending on MAOP and steel grade, which shall be obtained from Table H.1.

© IS0 2024 - All rights reserved
4


https://standardsiso.com/api/?name=6bac0739da54111a203f853a0d5b0feb

ISO 13623:2017/Amd.1:2024(en)

Table H.1 — Performance factors, Hy

Line pipe MAOP [MPa]?
steel grade 6,89 13,79 15,17 16,55 1793 19,31 20,68
L360 1,000 1,000 0,954 0,910 0,880 0,840 0,780
L415 0,874 0,874 0,834 0,796 0,770 0,734 0,682
L450 0,832 0,832 0,794 0,758 0,733 0,699 0,649
L485 0,776 0,776 0,742 0,706 0,684 0,652 0,606
3 rimterpotatiormmay beuset totatcutate i for imtermrediate vatres of MAOP:
NOFE  ASME STP-PT-006 provides the rationale for the factors reported in this table.

H.3.2 Hoop stress enhanced design factors

Th¢ hoop stress design factors specified in Table 3 and in Table B.2 if Annex B is applicable, may be uped
prgvided line pipe material conforms to the requirements specified in H.4.1 and the following.

— | Line pipe steel and welds shall have fracture toughness adequate to ensuresufficient resistancg to
hydrogen embrittlement in the transported fluid environment, proven by dedicdted testing.

— | Line pipes shall conform with the following requirements, unless it isproven by dedicated testing} or
testing of or field experience with similar and representative material;"that line pipes have sufficient
resistance to hydrogen embrittlement even though not conformingt

— Line pipe steel shall be treated for inclusion shape control,

— Line pipe chemical composition shall be in accordanee‘with I1SO 3183 or API Spec 5L, 46th editfion
(2018), Table H.1.

— Hardness of line pipe and steel components shall-be < 250 HV10 in parent metal, heat affected zpne
and weld metal in factory made and field welds.

Prdperties of tested or field proven materials and:-testing methods and results shall be documented.

NOTE1 ISO 11114-4 and ASME B31.12 provide‘criteria and testing methods to assess fracture toughness in flgids
conftaining hydrogen.

NOTE 2 Comparison of manufacturing-procedure specifications (MPSs) and welding procedure specificatijons
(WPSs) is an effective way to assess simlilarity and representativeness of the proven or tested material versus that
actpially used.

NOTE 3  Lower line pipe hardness can be necessary to comply with the 250 HV10 maximum hardness requirenjent
in the girth weld.

NOTE4 EPRG Hydregen Pipelines Integrity Management and Repurposing Guideline White Paper provides
infgrmation about the'status of knowledge on hardness requirements.

H.3.3 Longitudinal stress

Longitudinal tensile stress shall not exceed the maximum allowable value specified for the hoop stifess
un:Fss line pipe and welds conform to the material properties specified in H.5.2.

H.6 Fatigue
A fatigue analysis shall take into account the effect of hydrogen on fatigue crack growth.
The following shall be considered.

— Fatigue crack growth rate test data indicate that the rate of crack growth in hydrogen is of the order of
10 to 100 times higher than that in air. The difference depends upon the cyclic stress intensity factor
range, AK, and the stress ratio, R (the ratio of the minimum stress to the maximum stress). The difference

© IS0 2024 - All rights reserved
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is larger at higher AK and smaller at lower AK. It increases as R increases. The rate of crack growth in
hydrogen tends to that in air as AK decreases.

The operational load cycles due to the variation in internal pressure can be greater in hydrogen service
than in natural gas service, because of the implications of the different thermodynamic properties of
hydrogen for the operation of a network (and, in particular, diurnal storage). This combined with reduced
fatigue capacity of longitudinal seam welds can govern the wall thickness design.

The analysis may be based on either the characteristic fatigue resistance (normally given as S-N curves, i.e.
stress amplitudes versus number of cycles to failure) or a fracture mechanics fatigue life assessment.
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E ASME B31.12 and IGEM/TD/1 Edition 6 Supplement 2 give (different) recommendations on fatigue\cifack
ths for steels in gaseous hydrogen. IGEM/TD/13 Edition 2 Supplement 1 recommends that a factor of fifty(50) is
lied to the S-N curves in BS 7608. The basis of the S-N curves in BS 7608 is similar to that of the curvesin£N 1993-
and [IW-1823-07.

Flanges and valves

small molecular size of hydrogen and its proneness to leak either to the environment in case of flaniges
o both the environment and from one side to the other in case of valves shall‘be:considered.

ges and other mechanical connectors should be avoided and if thi§s’ not possible, they shall| be
imised in number as much as possible.

y access for inspection and maintenance shall be ensured.
ged joints and valves shall be tested for fugitive emissions.
e actuators shall be designed to avoid being a possible soutce of ignition.

E EIGA IGC Doc 121/14 provides recommendations*to-mminimize the risk of leaks from valves.

Safety evaluation

rogen is a category E fluid and is subjectto the requirements for public safety stated elsewhere in this
ument (5.6, 6.2.1.2, Annex B and Annex-E).

hough the thermal hazard radius from an ignited release is smaller than that for a natural gas pipeline

witlh the same outside diameter and”"MAOP, hydrogen is more hazardous than natural gas for a number of

rea

sons, including:
potentially reduced tolepability to third-party damage and defects because of hydrogen embrittlement;

increased ignition-probability due to lower ignition energies required and larger range in flammgble
concentrationss

increased.flame speed and potential for deflagration-to-detonation transition (DDT) at much shojter
distances;

potential for overpressures resulting from explosion, especially in confined space or in case of delayed
ignition;

potentially higher volumetric leak rate, faster spread of a gas cloud, and longer jet lengths;

poor visibility of flame in daylight for small fires (large fires are visible and have similar heat flux).

These factors shall be taken into account in determining the population density in accordance with B.3
and performing frequency and consequence analysis in accordance with E.7 and E.8 accounting for the
possibility of hydrogen embrittlement.

Table B.7 provides mitigation measures for third-party damage that can be taken into consideration in the
safety evaluation.

© IS0 2024 - All rights reserved
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H.9 Repurposing

Existing pipelines may only be converted to hydrogen service, provided they are re-qualified for such service
in accordance with the requirements described in this document.

The repurposing shall follow a pre-defined process that includes the following topics:

initiation: the decision to repurpose the selected pipeline and specification of applicable references; a

‘management of change’ process shall be employed;
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review of available technical documentation: design (including material data), construction, inspect
and repair, operational data and history;

integrityassessment: based onthe currentpipelineintegrity statusand operatinghistory alse consider]
intended future service with special focus on influence of hydrogen on the material properties;

hydraulic assessment: validating the transport premises and pressure requirements definition, 3
considering the outcomes of integrity assessment, including identification ofamedifications needed
pumps or compressors stations;

safety evaluation: any changesin the safety asaresultofanew fluid and theneed for venting requireme
the safety evaluation shall be carried out in accordance with Annex E;

re-assessment: integrity re-assessment considering influence of‘hydrogen on the material proper
and defining the required modifications;

documentation of the above;
implementation of the actions identified in the process'steps above.

he available pipeline data and information are inadéquate, (e.g. missing, partial or out of date), they sl
complemented and integrated with dedicated inspection and testing campaigns as necessary to confa

ion

ing
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this annex, e.g. visual inspection/external suivey, in-line inspection, cathodic protection survey, nfon-

tructive and destructive testing. Any approaches or assumptions made to deal with limited availa
a shall be reasonably conservative.
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13,/9 MPa or.the value corresponding to 30 % SMYS hoop stress, whichever is lower.

NOTE 1 . ISO 16708 provides recommendations, framework and principles for the application of reliability-bd
lim|t state design methods.

ble

hciples of reliability-based limit statedesign methods may be applied to manage the uncertainties related

imited availability of pipeline ddtaand assess the best testing frequency.

iability-based limit-state design methods shall not be used to replace the requirements in H.5.1, H
H.5.3 as applicable for the. maximum permissible hoop stress due to fluid pressure.

ineering critical assessment (ECA) in accordance with accepted industry practices such as BS 7910
pplied for integrity-dssessment. ECAs shall be documented. All input data and assumptions made duf
assessment shall’be included in the documentation. In case it is not possible to prove and docum
conformity<of-the pipeline material to the requirements specified in H.4.1, the MAOP shall not exc

5.2
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NOTEZ EPRG Hydrogen Pipelines Integrity Management and KRepurposing Guldeline White Paper prov

clarification guidance on integrity management of pipelines transporting hydrogen.
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