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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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The proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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For an ex]
expression
World Trag
iso/forewo

5 drawn to the possibility that some of the elements of this document may be the subjec
ts. ISO shall not be held responsible for identifying any or all such patént rights. Detail
rights identified during the development of the document will be in the Introduction ang
ist of patent declarations received (see www.iso.org/patents).

hame used in this document is information given for the convenience of users and does
an endorsement.

planation of the voluntary nature of standards, the.meaning of ISO specific terms

s related to conformity assessment, as well as information about ISO's adherence to
e Organization (WTO) principles in the Technical Barriers to Trade (TBT), see www.iso.d
rd.html.

This document was prepared by Technical Committee, 1SO/TC 67, Materials, equipment and offs}

structures |
Committeg
offshore st
Agreement

This fourt

for petroleum, petrochemical and natural gas industries, in collaboration with the Europ
for Standardization (CEN) Technical-Committee CEN/TC 12, Materials, equipment
ructures for petroleum, petrochemical and natural gas industries, in accordance with
on technical cooperation betweenSO and CEN (Vienna Agreement).

h edition cancels and replaces the third edition (ISO 15156-2:2015), which has b
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and
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technically revised. The main changgesycompared to the previous edition are as follows:

plief
.4),

correc
(see Al
compr

Lions of temperature/conversion for welding (see A.2.1.4), vold deformation and stress r¢
2.1.6), identification-stamping (see A.2.1.9), tubulars and tubular components (see A.2.2.:
essor impellers (see A.2.3.3.2);

title cHange from Shear rams to Rams in A.2.3.2.2;

additign of C110vand changes the designation of C95 to R95 in Table A.3;

referelllce change to NACE TM0316 in Table B.1;

addition of reference to BS 8701 in B.4.3;

changes and additions to Table B.3;

modification of Annex C to include alternative parameters and expanded explanation for the use of
chemical activity and fugacity, and to provide some general guidance for the use of thermodynamic
modeling for the determination of environmental severity.

Alist of all parts in the ISO 15156 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 consequences of sudden failures of metallic oil and gas field components, associated with their

exp

osure to H,S-containing production fluids, led to the preparation of the first edition of NACE MR0175,

which was published in 1975 by the National Association of Corrosion Engineers, now known as NACE
International.

The original and subsequent editions of NACE MR0175 established limits of H,S partial pressure above
which precautions against sulfide stress cracking (SSC) were always considered necessary. They
also provided guidance for the selection and specification of SSC-resistant materials when the H,S
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bsholds were exceeded. In more recent editions, NACE MR0175 has also provided application limits
some corrosion-resistant alloys, in terms of environmental composition and pH, tempegrature and
partial pressures.

eparate developments, the European Federation of Corrosion issued EFC Publication 16 in 1995 and
Publication 17 in 1996. These documents are generally complementary to_those of NACE though
 differed in scope and detail.

003, the publication of the ISO 15156-series and NACE MR0175/1S0_15156 was compldted for the
I time. These technically identical documents utilized the above‘seurces to provide requirements

recommendations for materials qualification and selectionyfor application in enyironments
faining wet H,S in oil and gas production systems. They are’complemented by NACE TM0177 and
LE TM0284 test methods.

revision of this document, i.e. ISO 15156-2,involves a consolidation of all changes agreed
published in the Technical Circular 1, ISO 15156-2:2015/Cir.1:2017, the Technical [ircular 2,
15156-2:2015/Cir.2:2018 and the Technical Circular 3, ISO 15156-2:2015/Cir.3:2019, published by
[SO 15156 series Maintenance Agency secretagiat at DIN.

changes were developed by and approved by the ballot of, representative groups fijom within
oil and gas production industry. The ‘great majority of these changes stem from issuef raised by
ument users. A description of the process by which these changes were approved can lpe found at
[SO 15156 series maintenance website: www.iso.org/isol5156maintenance.

bn found necessary by oil_dnd’ gas production industry experts, future interim changes to this
ument will be processed(in*the same way and will lead to interim updates to this dgcument in
form of Technical Corrigenda or Technical Circulars. Document users should be awar¢ that such
Luments can exist and can impact the validity of the dated references in this document.

[SO 15156 series*Maintenance Agency at DIN was set up after approval by the ISQ Technical

Ma

agement Board/given in document 34/2007. This document describes the make up of the agency,

whilch includes-experts from NACE, EFC and ISO/TC 67, and the process for approval of anjendments.
It id available from the ISO 15156 series maintenance website and from the ISO/TC 67 Secrgtariat. The
welpsite also" provides access to related documents that provide more detail of the ISO 13156 series

maintehance activities.
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Petroleum and natural gas industries — Materials
for use in H,S-containing environments in oil and gas
production —

Part 2:
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RNING — Carbon and low-alloy steels and cast irons selected using-this doc
stant to cracking in defined H,S-containing environments in oil and gas prod
necessarily immune to cracking under all service conditions. It'is the equip
ponsibility to select the carbon and low alloy steels and cast irons suitable for the¢
vice.

Scope

5 document gives requirements and recommendations.for the selection and qualificatios

ment are
ction but
ent user's
» intended

1 of carbon

low-alloy steels for service in equipment used in eil’‘and natural gas production and patural gas

tment plants in H,S-containing environments, whese failure can pose a risk to the health

he public and personnel or to the environment«lt'can be applied to help to avoid costly
age to the equipment itself. It supplements, but does not replace, the materials requiren
opriate design codes, standards or regulations.

5 document addresses the resistance ofthese steels to damage that can be caused by su
'king (SSC) and the related phenomena of stress-oriented hydrogen-induced cracking (§
-zone cracking (SZC).

5 document also addresses the resistance of these steels to hydrogen-induced cracking (}
Kible development into stépwise cracking (SWC).

5 document is concernied only with cracking. Loss of material by general (mass loss) d
‘osion is not addressed.

Table 1 provides.@ non-exhaustive list of equipment to which this document is applicable

exc

Thi
con,
see

usions.

5 document applies to the qualification and selection of materials for equipment de
structed using load controlled design methods. For design utilizing strain-based desig

and safety
y corrosion
ents of the

fide stress
OHIC) and

[IC) and its

r localized

, including

bigned and
h methods,

[SO,15156-1:2020, Clause 5.

Annex A lists SSC-resistant carbon and low alloy steels, and A.2.4 includes requirements for the use of
castirons.

This document is not necessarily suitable for application to equipment used in refining or downstream
processes and equipment.

© IS0 2020 - All rights reserved
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Table 1 — List of equipment

This document is applicable to materials used
for the following equipment

Exclusions

Drilling, well construction and well-servicing
equipment

Equipment exposed only to drilling fluids of controlled

composition?
Drill bits
Blowout preventer (BOP) shear bladesP

Drilling riser systems

Work strings
Wireline and wireline equipment¢

Surface and intermediate casing

Wells, including subsurface equipment, gas lift
equipment)wellheads and christmas trees

Sucker rod pumps and sucker rodsd
Electric submersible pumps

Other artificial lift equipment

Slips

Flow-lines,[gathering lines, field facilities and field
processing(plants

Crude oil storage and haridling facilities operating g4t a

total absolute pressute below 0,45 MPa (65 psi)

Water-handlling equipment

Water-handling fagilities operating at a total absolu
pressure below 0545 MPa (65 psi)

Water injection and water disposal equipment

fe

Natural gag treatment plants

Transportation pipelines for liquids, gases and
multiphase]| fluids

Lineshandling gas prepared for general commercia
and’domestic use

1

For all equipment above

Components loaded only in compression

a  SeeA.2.3.2.3 for more information.

b See A.2.B.2.1 for more information.

¢ Wireling¢ lubricators and lubricator connecting devices are not excluded.

d  For sucKer rod pumps and sucker rods, réference can be made to NACE MR0176.

2 Normative references

The followling documents-are referred to in the text in such a way that some or all of their con

constitutey

requirements-"of this document. For dated references, only the edition cited applies.

fent
For

undated references,thélatest edition of the referenced document (including any amendments) applies.

ISO 6506 (all parts), Metallic materials — Brinell hardness test

IS0 6507 (alkparts), Metallic materials — Vickers hardness test

ISO 6508 (all parts), Metallic materials — Rockwell hardness test

ISO 6892-1, Metallic materials — Tensile testing — Part 1: Method of test at room temperature

ISO 10423, Petroleum and natural gas industries — Drilling and production equipment — Wellhead and

christmas tree equipment

ISO 15156-1:2020, Petroleum and natural gas industries — Materials for use in H,S-containing
environments in oil and gas production — Part 1: General principles for selection of cracking-resistant

materials

ISO 15156-3, Petroleum and natural gas industries — Materials for use in H,S-containing environments in
oil and gas production — Part 3: Cracking-resistant CRAs (corrosion-resistant alloys) and other alloys

© IS0 2020 - All rights reserved
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NACE TMO0177Y, Laboratory testing of metals for resistance to sulfide stress cracking and stress corrosion
cracking in H,S environments

NACE TMO0284, Evaluation of pipeline and pressure vessel steels for resistance to hydrogen-induced cracking

NACE TMO0316, Four-point bend testing of materials for oil and gas applications

SAE AMS-24302), Shot Peening

3

Terms and definitions

For

ISO

31
Bri
HB)
har
wit

Not
to I

3.2
buk
Pg

pre

Not

3.3
bur
pro
pied
3.4

cas
met

3.5
cas
iror

the purposes of this document, the terms and definitions given in ISO 15156-1 and the follg
and I[EC maintain terminological databases for use in standardization at the folloWing aqg

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

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

hell hardness

v

ness value of a material measured normally using a 10 mm diameter tungsten carbide b4
h a force of 29,42 kN

b 1 to entry: The measurement shall be in accordance with the ISO 6506 series. Here, ASTM E10 i
0 6506-1.

ble-point pressure

ssure under which gas bubbles form inidliquid at a particular operating temperature

e 1 to entry: See C.2.

nishing
ress of smoothing surfaces using frictional contact between the material and some
es of material, such as hardened steel balls

fing

L iron
-carbon alloy containing approximately 2 % to 4 % mass fraction carbon

wing apply.

dresses:

1] indenter

5 equivalent

bther hard

al that is obtaifted at or near its finished shape by the solidification of molten metal in a fnould

3.5.1
grey cast iron
castiron that displays a grey fracture surface due to the presence of flake graphite

3.5.2
white castiron
cast iron that displays a white fracture surface due to the presence of cementite

iy
2)

www.nace.org

Www.sae.org
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3.5.3
malleable

iron

white castiron thatis thermally treated to convert most or all of the cementite to graphite (temper carbon)

3.54

ductile iron

nodular castiron
cast iron that has been treated while molten with an element (usually magnesium or cerium) that
spheroidizes the graphite

3.6

cementite
microstrud

3.7
cold defor

cold forging

cold formj
cold worki
deforming
hardening

3.8
fitness-for
suitability

3.9
free-mach

steel to which elements such as sulfur, selenium and lead have been added intentionally to impr

machineab

3.10
lower critj

tural constituent of steels composed principally of iron carbide (Fe;C)

ming
ng
g

metal plastically under conditions of temperature and straincrate that induce str
usually, but not necessarily, conducted at room temperature

-purpose
for use under the expected service conditions

ining steel

ility

cal temperature

hin-

ove

temperatufe of a ferrous metal at which austenite begins to form during heating or at which|the
transformdtion of austenite is completed during cooling

3.11

nitriding

case-hardgning process in which) hitrogen is introduced into the surface of metallic materials (most
commonly|ferrous alloys)

EXAMPLE Liquid nitriding, gas nitriding, ion nitriding and plasma nitriding.

3.12

normalize

heating a ferrouS metal to a suitable temperature above the transformation range (austenitizipg),
holding at femaperature for a suitable time and then cooling in still air (or protective atmosphere) fo a
temperaturesubstantiatly betow the transformationr range

3.13

plastically deformed

permanently deformed by stressing beyond the limit of elasticity, i.e. the limit of proportionality of
stress to strain

3.14

pressure-containing part
part whose failure to function as intended results in a release of retained fluid to the atmosphere

EXAMPLE

Valve bodies, bonnets and stems.

© IS0 2020 - All rights reserved
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3.15
quenched and tempered
quench hardened and then tempered

3.16

Rockwell C hardness

HRC

hardness value of a material measured using a Rockwell C diamond cone indenter with a force of 1 471 N

Note 1 to entry: The measurement shall be in accordance with the ISO 6508 series. Here, ASTM E18 is equivalent
to ISO 6508-1.

31

shot-peening
indyicing compressive stresses in the surface layer of a material by bombarding,it“with|a selected
mediium (usually round steel shot) under controlled conditions

3.1

stress relief
heafing a metal to a suitable temperature, holding at that temperature lohg enough to redufce residual
strgsses, and then cooling slowly enough to minimize the development‘ef new residual strespes

3.19
tenmpering
heaf treatment by heating to a temperature below the lower critical temperature, for the purpose
of decreasing the hardness and increasing the toughness of hardened steel, hardened cadt iron and,
sonjetimes, normalized steel

3.2p
tenpile strength
ultimate strength
ratip of maximum load to original cross-sectional area

Note 1 to entry: See ISO 6892-1.

3.21
test batch
gropip of items representing-a-production batch whose conformity with a specified requirement can be
deteérmined by testing repreSentative samples in accordance with a defined procedure

3.2p
tubular component
cylindrical component (pipe) having a longitudinal hole, used in drilling/production opejrations for
conpeying fluids

3.2B8
Vickershardness
HV
hardness value of a material using a diamond pyramid indenter and one of a variety of possible
applied loads

Note 1 to entry: The measurement shall be in accordance with the ISO 6507 series. Here, ASTM E384 is equivalent
to IS0 6507-1.

3.24

weldment

portion of a component on which welding has been performed, including the weld metal, the heat-
affected zone, and the adjacent parent metal

© IS0 2020 - All rights reserved 5
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3.25
weld metal
portion of a weldment that has been molten during welding

3.26

wrought

formed to a desired shape by working (rolling, extruding, forging, etc.), usually at an elevated
temperature

4 Symbols and abbreviated terms

AYS dctual yield strength

CLR drack length ratio

CSR drack surface ratio

CTR drack thickness ratio

DCB double cantilever beam (test)

FPB ur-point bend (test)

HBW rinell hardness

HIC ydrogen-induced cracking

HRC ockwell hardness (scale C)

HSC ydrogen stress cracking

OCTG il country tubular goods, i.e. casing,tubing and drill pipe
Pu,s artial pressure of H,S

pco2 artial pressure of CO,

Ryo,2 ,2 % proof stress in accordance with ISO 6892-1
SMYS dpecified minimum.yield strength

SOHIC  dtress-orientéd-hydrogen-induced cracking

SSC dulfide stress cracking

SWC Jtepwise cracking

SzC soft-zone cracking

T temperature

UNS Unified Numbering System (from SAE-ASTM, Metals and alloys in the Unified Numbering System)

UT uniaxial tensile (test)

6 © IS0 2020 - All rights reserved
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Purchasing information

5.1 The preparation of material purchasing specifications can require co-operation and exchange of
data between the equipment user, the equipment supplier and the material manufacturer to ensure that
the material purchased conforms with ISO 15156-1 and this document.

5.2

The following information shall be provided:

preferred material types and/or grades (if known);

5.3
low]

quallification testing in accordance with Annex B and ISO 15156-1,-The qualification require

be 6
If th

addjiitional information shall be clearly indicated in the* materials purchasing specific

infd

5.4
detq

5.5
Sug

6

containing énvironments

Thd
intq

€quipment ty pe (if kKnownjJ;
reference to this document;
acceptable bases for selection of materials for SSC resistance (see Clause 7);

requirements for HIC resistance (see Clause 8).

Lalloy steels other than those described and/or listed in Annex A n1ay be selected subject

xtended to include resistance to SOHIC and SZC.

rmation may include
requirements for SSC testing (see 7.1 and 7.2),
service conditions for specific sour-service\application, and

other special requirements.

Annex C describes how to calculate the H,S partial pressure and Annex D gives guidancs
brmine the pH-value of a fluid:

The information required for material purchasing shall be entered on suitable d
pested formats are given in Annex E.

Factors affecting the behaviour of carbon and low alloy steels in H,S-

behaviour of carbon and low-alloy steels in H,S-containing environments is affected |
ractions of parameters, including the following:

The equipment user and the equipment supplier/material manufaCturer may agree thaft carbon or

to suitable
ments may

e purchaser intends to make use of such agreements, extensions and qualifications, the gppropriate

htion. This

b on how to

hta sheets.

by complex

a)

b)
‘)
d)
e)
f)

©IS

chemical composition, method of manufacture, product form, strength, hardness of the material
and its local wvariations, amount of cold work, heat-treatment condition, microstructure,

microstructural uniformity, grain size and cleanliness of the material;
H,S partial pressure or equivalent concentration in the water phase;
chloride ion concentration in the water phase;

acidity (pH) of the water phase;

presence of sulfur or other oxidants;

exposure to non-production fluids;

02020 - All rights reserved
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g) exposure temperature;
h) total tensile stress (applied plus residual);
i) exposure time.

These factors shall be considered when using this document for the selection of materials suitable for
environments containing H,S in oil and gas production systems.

7 Qualification and selection of carbon and low-alloy steels with resistance to
SSC, SOH€amdSZE

7.1 Option 1 — Selection of SSC-resistant steels (and cast irons) using A.2

7.1.1 For Pi,s < 0,3 kPa (0,05 psi)

The selectipn of materials for SSC resistance for pHZS below 0,3 kPa (0,05 psi) is notconsidered in dgtail

in this dociiment. Normally, no special precautions are required for the selection-of steels for use urjder
these condlitions, nevertheless, highly susceptible steels can crack. Additional information on facfors
affecting sfisceptibility of steels and attack by cracking mechanisms othefthan SSC is given in 7.2.1

7.1.2 For Pis > 0,3 kPa (0,05 psi)

If the partipl pressure of H,S in the gas is equal to or greater thai-0,3 kPa (0,05 psi), SSC-resistant stpels
shall be selected using A.2.

NOTE1 The steels described or listed in A.2 are consideredresistant to SSC in oil and natural-gas produdtion
and naturalfgas treatment plants.

NOTE 2  Users concerned with the occurrence of SOHIC and/or SZC can refer to Option 2 (see 7.2.2).

NOTE 3 FFor HIC and SWC, see Clause 8.

7.2 Option 2 — Selection of steels for specific sour-service applications or for ranges of
sour servjice

7.2.1 Sulfide stress cracking

7.2.1.1 (eneral

Option 2 allows thé\wuser to qualify and select materials for sulfide stress cracking (SSC) resistancd for
specific soyir-service applications or for ranges of sour service.

For a giver] miaterial, the limits of environmental and metallurgical variables defined for specific Jour
service or for a range of sour service by qualification in accordance with Option 2 may replace any
limits of environmental and metallurgical variables listed for that material in A.2 (Option 1).

The use of option 2 can require knowledge of both the in situ pH and the H,S partial pressure and their
variations with time; see ISO 15156-1.

Option 2 facilitates the purchase of bulk materials, such as OCTG or line pipe, where the economic
incentive to use materials not described nor listed in Annex A outweighs the additional qualification
and other costs that can be incurred. Steels for other equipment may also be qualified. In some cases,
this requires an agreement between the supplier and the equipment user with respect to test and
acceptance requirements. Such agreements shall be documented.

Option 2 can also facilitate fitness-for-purpose evaluations of existing carbon or low-alloy steel
equipment exposed to sour-service conditions more severe than assumed in the current design.
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7.2.1.2 SSCregions of environmental severity

The severity of the sour environment, determined in accordance with ISO 15156-1, with respect to the
SSC of a carbon or low-alloy steel shall be assessed using Figure 1. In defining the severity of the H,S-
containing environment, the possibility of exposure to unbuffered, condensed aqueous phases of low
pH during upset operating conditions or downtime, or to acids used for well stimulation and/or the
backflow of stimulation acid after reaction should be considered.

YA 0,3 kPa
(0,05 psi)
6,5
1
5,5
0
2
4,5

3,5

2,5 _I\’

>y

01 1 10 100 1000

H,S partial pressure, expressed in kilgpascals

in situ pH

SSCregion 1

X
Y
0 |region0
1
2 |SSCregion 2
3 |SSCregion 3

OTE1 The discentinuities in the figure below 0,3 kPa (0,05 psi) and above 1 MPa (150 psi) partjial pressure
»S[reflect unegrtainty with respect to the measurement of H,S partial pressure (low pHZS) angl the steel’s

NO

per'lormance outside these limits (for both low and high pHZS ).

E2) Guidance on the calculation of H,S partial pressure is given in Annex C.

NOTE 3  Guidance on the calculation of pH is given in Annex D.

Figure 1 — Regions of environmental severity with respect to the SSC of carbon and low-
alloy steels
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7.2.1.3 Region 0 — For Ph,s < 0,3 kPa (0,05 psi)

Normally, no precautions are required for the selection of steels for use under these conditions.
Nevertheless, a number of factors, as follows, that can affect a steel's performance in this region should
be considered.

Steels that are highly susceptible to SSC and HSC can crack.

see Clause 6.

Steel's physical and metallurgical properties affect its inherent resistance to SSC and HSC;

— Very High-strength steels can sutier N _aqueous environments without H,S. Above afout
965 MPa (140 ksi) yield strength, attention should be given to steel composition and processing to
ensurg that these steels do not exhibit SSC or HSC in region 0 environments.

— Stress|concentrations increase the risk of cracking.

7.2.1.4 9§SCregions 1,2 and 3

Referring fo the regions of severity of the exposure as defined in Figure 1, steels for region 1 may be

selected uging A.2, A.3 or A.4; steels for region 2 may be selected using A.2 or'A=3; and steels for regipn 3

may be sel¢cted using A.2.

In the absepce of suitable choices from Annex A, carbon and low-allgy/'steels may be tested and qualified

for use ungler specific sour-service conditions or for use throughout a given SSC region. Testing pnd

qualificati¢n shall be in accordance with [SO 15156-1 and AnnexB:

Documentg¢d field experience may also be used as the basi§\for material selection for a specific spur-

service application; see ISO 15156-1.

7.2.2 SOHIC and SZC

The user should consider SOHIC and SZC, as.defined in ISO 15156-1, when evaluating carbon steels in

plate formjand their welded products for sgunrservice in H,S-containing environments.

B.4 provid¢s guidance on test methods.and acceptance criteria to evaluate resistance to SOHIC and $ZC.

NOTE The occurrence of these phenomena is rare and they are not well understood. They have cajysed

sudden failyres in parent steels (SOHIC) and in the HAZ of welds (SOHIC and SZC). Their occurrence is thought to

be restrictef to carbon steels. Thepresence of sulfur or oxygen in the service environment is thought to incrgase
the probability of damage by these mechanisms.

7.3 Har¢ness requirements

7.3.1 Geperal

The hardnkssZof parent materials and of welds and their heat-affected zones play important roles in

determining the SSC resistance of carbon and low alloy steels. Hardness control can be an acceptable
means of obtaining SSC resistance.

7.3.2 Parent metals

If hardness measurements on parent metal are specified, sufficient hardness tests shall be made to
establish the actual hardness of the steel being examined. Individual HRC readings exceeding the
value permitted by this document may be considered acceptable if the average of several readings
taken within close proximity does not exceed the value permitted by this document and no individual
reading is greater than 2 HRC above the specified value. Equivalent requirements shall apply to other
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methods of hardness measurement when specified in this document or referenced in a manufacturing
specification.

NOTE The number and location of hardness tests on parent metal are not specified in the ISO 15156 series.

For ferritic steels, EFC Publication 1638 shows graphs for the conversion of hardness readings, from
Vickers (HV) to Rockwell (HRC) and from Vickers (HV) to Brinell (HBW), derived from the tables of
ASTM E140 and ISO 18265. Other conversion tables also exist. Users may establish correlations for

individual materials.

7.3

3 Welds

7.3

Thd
to S

Pro
req

3.1 General

metallurgical changes that occur on welding carbon and low-alloy steels affect their su
SC, SOHIC and SZC.

cesses and consumables should be selected in accordance with goodpractice and to 4
lired cracking resistance.

Welding shall be carried out in conformance with appropriate codes and standards as agreg

the
rec

Thd
wit

7.3

Har
HV
ISO

NO'
to I§

The
twd
of t
the

NO']
of W
in W
met]

Thd

rds (PQRs) shall be available for inspection by the equipmetit user.

qualification of welding procedures for sour service-shall include hardness testing in
n 7.3.3.2,7.3.3.3 and 7.3.3.4.

3.2 Hardness testing methods for welding procedure qualification

dness testing for welding procedure qualification shall normally be carried out using 1
10 or HV 5 method in accordance withyISO 6507-1, or the Rockwell method in accor
6508-1 using the 15N scale.

E For the purposes of this protision, ASTM E384 is equivalent to ISO 6507-1 and ASTM E18 i
0 6508-1.

HRC method may be used for welding procedure qualification if the design stress does
-thirds of SMYS and the'welding procedure specification includes post-weld heat treatme
he HRC method for welding procedure qualification in all other cases shall require the ag
equipment user.

E Hardnésssurveys using the Vickers or Rockwell 15N testing method produce a more det
eld hardnessyand its variations. Hardness surveys using the HRC testing method might not detect
elds or HAZs where the hardness exceeds the acceptance criteria for the Vickers or Rockwell
hod. Thesignificance of such small hard zones is not well understood.

use of other hardness testing methods shall require the agreement of the equipment usg

bceptibility

chieve the

d between

supplier and the purchaser. Welding procedure specifications ((WPSs) and procedure qyalification

hccordance

he Vickers
lance with

5 equivalent

not exceed
nt. The use
reement of

iled picture
small zones
15N testing

I.

The Vickers or Rockwell 15N hardness testing method shall be used for the qualification of alternative
weld-hardness acceptance criteria as permitted in 7.3.3.4.

7.3.

3.3 Hardness surveys for welding procedure qualification

Vickers hardness surveys shall be in accordance with Figure 2 for butt welds, Figure 3 for fillet welds
and Figure 4 for repair and partial penetration welds. HRC surveys of butt welds shall be in accordance
with Figure 5. Survey requirements for other joint configurations shall be developed from these figures.

Hardness surveys for qualification of overlay welding procedures shall be in accordance with Figure 6.
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Dimensions in millimetres

Key
1  weld hgat-affected zone (visible after etching)
a  Lines of survey.

b Hardnegss impressions: Impressions 2, 3, 6, 7, 10, 11, 14, 15, 17 and 19 should\be entirely within the Heat-
affected zone and located as close as possible to the fusion boundary between the weld metal and the Heat-
affected zone.

The top line|of survey should be positioned so that impressions 2 and 6 coincide with the heat-affected zone of the
final run or fhange of profile of the fusion line associated with the final run.

Figure 2 — Butt-weld survey method for Viekérs hardness measurement
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Dimensions in millimetres

QC

Key
1 |weld heat-affected zone (visible after etching)
3 |Line of survey:.

Line of survey, parallel to line B and passing through the‘fusion boundary between the weld metal gnd the heat-
affected zone at the throat.

¢ |Hardness impressions: Impressions 3, 6, 10 and-¥2 should be entirely within the heat-affected zond and located
as close as possible to the fusion boundary between the weld metal and the heat-affected zone.

Figure 3 — Fillet weld
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Key

The

affected zon|

14

Dimensions in millimetres

origina
repair-y
Paralle
Hardne

fusion oundary.

top ling

weld heat-affected zone
veld heat-affected zone
lines of survey.

ss impressions: Impressions in the heat-affected zone should<be located as close as possible td the

of survey should be positioned so that the heat-affected zone impressions coincide with the Heat-
e of the final run or change in profile of the cap of fusion'line associated with the final run.

Figure 4 — Repair and partial penetration welds
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Dimensions in

<13

Key

1 |weld

2 |weld heat-affected zone (visible after etching)
3 |parent metal

a

Lines of survey.

o

Hardness impressions: Impressions in the weld heat-affected zone should be located within 2 mm
boundary.

Figure 5 — Butt weld survey method for Rockwell hardness measurements

millimetres

——— a

bf the fusion

© IS0 2020 - All rights reserved

15


https://standardsiso.com/api/?name=bacdc14c5bd86850c1989d943f247390

ISO 15156-2:2020(E)

Dimensions in millimetres

&

—_————n
—_—— 0

1 —— TR I ||||¢l§[.6f‘

||||IHHTII,

b

Key
1  weld hg
2 layer of
The Rockwe
impressiong
a2 Using
within
bound
Hardne

Lines o

7.3.3.4 K

Weld hard
A.2.1.4. Alf
of welded s

Weld-hard
be establis|
Annex B.

7.4 Othg¢

For steels
hardness t]

t}e Vickers or Rockwell 15N measurement methods, hardness impresSions 2, 6 and 10 should be ent

13 13

at-affected zone (visible after etching)
weld overlay (visible after etching)

11 C hardness measurement method may be used subject to the requirements of 7.3.3.2. HRC hard
in the HAZ shall be located within 2 mm of the fusion boundary:.

he heat-affected zone and located as close as possible to, butyhe' more than 1 mm from, the fu
ry between the weld overlay and HAZ.

Ss impressions.
F hardness survey indentations 1 to 12.

Figure 6 — Weld overlay

Jardness acceptance criteria for welds

hess acceptance criteria for steels selected using option 1 (see 7.1) shall be as specifie
ernative weld hardness aceeptance criteria may be established from successful SSC tes
amples. SSC testing shall be in accordance with Annex B.

hed from successful-'SSC testing of welded samples. SSC testing shall be in accordance v

1 fabrication methods

[1€SS

rely
Kion

d in
[ing

hess acceptance criteria for steels qualified and/or selected using option 2 (see 7.2) may

vith

that are subject to hardness change caused by fabrication methods other than weld

testing sha

ing,

the final product The requirements, 1nterpreted for the fabrlcatlon method and hardness acceptance
criteria of 7.3 shall apply.

The form and location of the samples for evaluation and testing shall be acceptable to the equipment user.

8 Evaluation of carbon and low alloy steels for their resistance to HIC/SWC

The equipment user shall consider HIC/SWC as defined in ISO 15156-1 when evaluating flat-rolled
carbon steel products for sour service environments containing even trace amounts of H,S and shall
consider HIC/SWC testing of these products. Annex B provides guidance on test methods and acceptance
criteria to evaluate resistance to HIC/SWC.

16
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The probability of HIC/SWC is influenced by steel chemistry and manufacturing route. The level of
sulfur in the steel is of particular importance, typical maximum acceptable levels for flat-rolled and
seamless products are 0,003 % mass fraction and 0,01 % mass fraction, respectively. Conventional
forgings with sulfur levels less than 0,025 % mass fraction, and castings, are not normally considered
sensitive to HIC or SOHIC.

NOTE1 HIC/SWC leading to loss of containment has occurred only rarely in seamless pipe and other products
that are not flat-rolled. Furthermore, seamless pipe manufactured using modern technology is much less
sensitive to HIC/SWC than older products. Hence, there can be benefits in evaluating seamless pipe for HIC/SWC
resistance for applications where the potential consequences of failure make this justifiable.

NOTE 2 The presence of Tust, SUIfUr or OXygen, particuiarty together with chioride, M the Service gnvironment
is tHought to increase the probability of damage.

9 [Marking, labelling, and documentation

Materials conforming with this document shall be made traceable, preferably by marking, before
delivery. Suitable labelling or documentation is also acceptable.

For|materials qualified and selected for a special application in accordance with Annex B, fraceability
shall include reference to the environmental conditions of the special application.

Thg equipment user may request the equipment or materials supplier to provide documentation of the
materials used in equipment or components and their environmental service limits as defined in this
docjument.

Tabje E.1 and Table E.2 provide designations that maycbe used to identify materials.
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Annex A
(normative)

SSC-resistant carbon and low alloy steels (and requirements and

recommendations for the use of cast irons)

A1l Genleral

This anney
castirons 4

Steels conf
additional

NOTE 4

At the tim
(A.3) or S§
expected t

A.2 SSC

A2.1 Ge

A211 @

describes and lists SSC-resistant carbon and low alloy steels. Requirements for .the us
ire given in A.2.4.

Fequirements (see 7.2.2 and/or Clause 8).
\.2 is consistent with the previously established requirements of NACE MR0175.

e of publication of this document, there are no listings of steels approved for SSC regig
C region 1 (A.4). Therefore, A.3 and A.4 indicate only properties typical of steels that
b be suitable for use under the defined conditions.

resistant carbon and low-alloy steels and the use of cast irons

neral requirements for carbon and low alloy steels

eneral

Carbon a

n
Carbon ar]id low-alloy steels, products, and components that conform with A.2 are, with stg

exceptions
SSC testing
and the res

The major
however, f

NOTE1 1]
identified b
applied to 1
hardness aif

low-alloy steels shall conform with'A.2.1.2 to A.2.1.9.

qualified in accordance with this document without further SSC testing. Nevertheless,
that forms part of a materials manufacturing specification shall be carried out successf]
ults reported.

ty of steels that_eonform with the general requirements of A.2 are not individually lis
r convenience;some examples of such steels are listed in Table A.2, Table A.3 and Table 4

e of

prming with this annex might not resist SOHIC, SZC, HIC or SWC without/the specification of

n 2
are

ted
any
ully

fed;
.4,

'he carbomand low-alloy steels described/listed previously in NACE MR0175 (all revisions)
V extensive’correlations of field failures/successes and laboratory data. The hardness limit of HR
host carbon and low-alloy steels is based on correlations of heat treatment, chemical composi
drtailure experience. The higher hardness limits for the chromium-molybdenum steels are base

rere
C 22
ion,
 on

similar cons

idetations

NOTE 2

It can be possible to qualify a carbon or low alloy steel not described or listed in the text or tables of

A.2 for use in specific sour service applications or for a range of sour service in accordance with Option 2 (Z.2).

A212 P

arent metal composition, heat treatment and hardness

Carbon and low-alloy steels are acceptable at 22 HRC maximum hardness provided they contain less
than 1 % mass fraction nickel, are not free-machining steels and are used in one of the following heat-
treatment conditions:

a) hotrol
b) anneal
18

led (carbon steels only);

ed;
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c) normalized;
d) normalized and tempered;
e) normalized, austenitized, quenched, and tempered;

f) austenitized, quenched, and tempered.

A.2.1.3 Carbon steels acceptable with revised or additional restrictions

In addition to the restrictions of A.2.1.2, some carbon steels are acceptable subject to the following

revised or additional restrictions.

a) |Forgings produced in accordance with ASTM A105 are acceptable if the hardness(doeés
187 HBW.

not exceed

b) |Wrought pipe fittings to ASTM A234, grades WPB and WPC are acceptabledfithe hardnefss does not

exceed 197 HBW.

A.2[1.4 Welding
Welding and weld-hardness determinations shall be performed in accordance with 7.3.3.

Accpptable maximum hardness values for carbon steel, carbon' manganese steel and low
welfs are given in Table A.1.

As-welded carbon steels, carbon-manganese steels and lew-alloy steels that conform with th
reqpirements of Table A.1 do not require post-weld heat treatment.

Tubular products with an SMYS not exceeding 360 MPa (52 ksi) and listed in Table A.2 are
in the as-welded condition. For these products,iardness testing of welding procedures may
if agreed by the equipment user.

Sonpe tubular products with an SMYS. exceeding 360 MPa (52 ksi) (see A.2.2.2) may be ac
the|as-welded condition if suitable qualified welding procedures are used. The conditions i
shall be met.

Carpon steel, carbon mangahese and low-alloy steel weldments that do not conform wit}
reqpirements of this subclause shall be post weld heat treated after welding. The heat
temlperature and its duration shall be chosen to ensure that the maximum weld zone hardness, g
in apcordance with Z3;shall be 250 HV or, subject to the restrictions described in 7.3.3, 22 HR

A mlinimum postweld heat treatment temperature of 621 °C (1 150 °F) shall be used for low 3

The acceptability of any effects on mechanical properties, other than hardness, caused by
heaf treatment and its duration shall be subject to the approval of the equipment user.

alloy steel

e hardness

acceptable
be waived

Ceptable in
h Table A.1

) the other
treatment
letermined

-
L.

lloy steels.

the chosen

ss fraction

Welding consumables and procedures that produce a deposit containing more than 1 % md

nickel are acceptable after successful weld SSC qualification by testing in accordance with Annex B.
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Table A.1 — Maximum acceptable hardness values for carbon steel, carbon-manganese steel
and low-alloy steel welds

Hardness Hardness test locations for Maximum
test methods welding procedure qualification acceptable hardness
Weld root:
250 HV
Base metal, HAZ and weld root metal as shown 70,6 HR 15N
_ in Figure 2, Figure 3 or Figure 4

Z;ckers HV100or HV'S Base metal and HAZ for weld overlays as 250 HV

Rockwell HR 15N shown in Figure 6; see also A.2.1.5 b) 70,6 HR 15N
Weld cap: 275 HVa
Base metal, HAZ and weld metal of unexposed 73,0 HR 15N
weld cap as shown in Figure 2 or Figure 4
As shown in Figure 5 22 HRC

Rockwell HRC; see 7.3.3.2 | Base metal and HAZ for weld overlays as 22MHRC

shown in Figure 6; see also A.2.1.5 b)

a2 The majimum shall be 250 HV or 70,6 HR 15N unless all three of the following conditions ate met:
— equipment user agrees the alternative weld cap hardness limit;

— parenf material(s) are over 9 mm thick;

— weld dap is not exposed directly to the sour environment.

A.2.1.5 Sprface treatments, overlays, plating, coatings, linings, etc.
NOTE The composition and cracking resistance of overlays are-addressed in ISO 15156-3.

Metallic cgatings (electroplated and electroless plated), conversion coatings, plastic coatings jpand
linings are[not acceptable for preventing SSC.

Overlays applied by thermal processes such as welding, silver brazing, or spray metallizing systems|are
acceptable[if they conform with one of the folléwing requirements.

a) The hdat-treated condition of the substrate is unchanged, i.e. it does not exceed the lower critical
tempetature during application ofithe overlay.

b) The mpximum hardness and final heat-treated condition of the base metal substrate conform with
A.2.1.74 and, in the case of welded overlays, A.2.1.4. This requirement may be waived in accorddnce
with I§0 15156-3:2020,-A.13.1. The maximum hardness and/or other properties of the weld deposit
shall cpnform with the.réquirements of ISO 15156-3 or this document, as applicable.

Joining of dissimilar ritaterials, such as cemented carbides to steels by silver brazing, is acceptable. [The
base metallafter brazing shall conform with A.2.1.2.

Nitriding, with_a maximum case depth of 0,15 mm (0,006 in), is an acceptable surface treatment if
conducted jat@temperature below the lower critical temperature of the alloy being treated. T

A.2.1.6 Cold deformation and thermal stress relief

Carbon and low-alloy steels shall be thermally stress-relieved following any cold deforming by rolling,
cold forging or other manufacturing process that results in a permanent outer fibre deformation
greater than 5 %. Thermal stress relief shall be performed in accordance with an appropriate code
or standard. The minimum stress-relief temperature shall be 593 °C (1 100 °F). The final maximum
hardness shall be 22 HRC except for pipe fittings made from ASTM A234 grade WPB or WPC, for which
the final hardness shall not exceed 197 HBW.

The above requirement does not apply to cold work imparted by pressure testing according to an
applicable code or standard agreed by the equipment user.
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Cold-rotary straightened pipe is acceptable only where permitted in the applicable ISO or API product
standards; see also A.2.2.3.4.

Cold-worked line pipe fittings of ASTM A53 Grade B, ASTM A106 Grade B, API 5L Grade X-42, ISO 3183
Grade L290, or lower-yield-strength grades with similar chemical compositions, are acceptable with
cold strain equivalent to 15 % or less, provided the hardness in the strained area does not exceed

190

HBW.

SSC testing and qualification in accordance with Annex B may be used to justify other cold
deformation limits.

A.2
Thn
Thn

heaf treatment and hardness requirements of A.2.1.2.

A2

1.7 Threading
eads produced using a machine-cutting process are acceptable.

eads produced by cold forming (rolling) are acceptable in steels that otherwise confor

1.8 Cold deformation of surfaces

Col

deformation of surfaces is acceptable if caused by processes, such'as burnishing, that do

m with the

not impart

more cold work than that incidental to normal machining operations (such as turning, boring, rolling,

thr¢ading, drilling, etc.).

Col
thid
exc

A.2
Thd

Thd
of f

Con
reli

A2

A2

Exc

A2

deformation by controlled shot-peening is acceptabledfapplied to base materials that co

peding 10C. The process shall be controlled in accordance with SAE AMS-2430.

1.9 Identification stamping
use of identification stamping using low=stress (dot-, vibratory-, and round V-) stamps is

use of conventional sharp V-stamping is acceptable in low-stress areas, such as the outsid
anges.

ventional sharp V-stamping:shall not be performed in high-stress areas unless subseque
bved at a minimum temperature of 593 °C (1 100 °F).

.2 Application to'product forms

2.1 General

ppt as mgdified below, the general requirements of A.2.1 shall apply to all product forms

2,25 'Pipe, plate, and fittings

hform with

document and if restricted to a maximum shot size @f.2,0 mm (0,080 in) and an Almen intensity not

hcceptable.

e diameter

htly stress-

Exa

mples of tubular products that can contform with A.2.1 are shown 1n 1able A.Z.

Pressure vessel steels classified as P-No 1, Group 1 or 2, in Section IX of the ASME Boiler and Pressure
Vessel Code are acceptable.

Products made from flat-rolled steels in contact with trace amounts of H,S [i.e. even if Ph,s is below

0,3

©IS

kPa (0,05 psi)] can be susceptible to HIC/SWC damage.
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Pipe seam

A.2.2.3 Downhole casing, tubing, and tubular components

A.2.2.3.1
Table A.3.

A.2.2.3.2
AISI 41XX,

6-2:2020(E)

Table A.2 — Examples of tubular products that can conform with A.2.1

ISO specifications and grades Other designations
ISO 3183 grades: L245 through L450 |API Specification 5L grades:
A and B and X-42 through X-65
ASTM A53
ASTM A106 grades A, Band C
ASTM A333 grades 1 and 6

ASTM AS524 gv‘adac 1 and2

ASTM A381 class 1, Y35 to Y65

welds shall conform with A.2.1.

ISO and API grades of casing and tubing are acceptable for the temperature ranges giveh in

Tubulars and tubular components made of Cr-Mo low-alloyr steels (UNS G41XXO0, formgrly
and modifications), if quenched and tempered in the tubular form, are acceptable if their

hardness does not exceed 30 HRC and they have SMYS grades of 690-MPa (100 ksi), 720 MPa (105 ksi),
and 760 MPa (110 ksi). The maximum yield strength for each.grade shall be no more than 103 MPa
(15 ksi) higher than the SMYS. SSC resistance shall be demonstrated by testing each test batch and ghall
conform wjth B.1 using the UT test.

A.2.2.3.3
AISI 41XX

hardness dfes not exceed 26 HRC. These products should be qualified by SSC testing in accordance With
t

B.1 using

A.2.2.3.4

shall be str
are cold-fo
is greatert
of 593 °C (

If the conn

be thermallly stress-rélieved at a minimum temperature of 593 °C (1 100 °F).

22

Tubulars and tubular components made.@f Cr-Mo low-alloy steels (UNS G41XXO0, formgrly
and modifications), if quenched and .témpered in the tubular form, are acceptable if|the

e UT test.

If tubulars and tubular compenents are cold-straightened at or below 510 °C (950 °F), they
pss-relieved at a minimuni témperature of 482 °C (900 °F). If tubulars and tubular compong¢nts
'med (pin-nosed and/or.box-expanded) and the resultant permanent outer fibre deformation

han 5 %, the cold-formed regions shall be thermally stress-relieved at a minimum temperagure
| 100 °F).

bctions of high*strength tubulars with hardnesses above 22 HRC are cold-formed, they shall
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Table A.3 — Environmental conditions for which grades of casing and tubing are acceptable

For all temperatures For 265 °C (150 °F) For 280 °C (175 °F) For 2107 °C (225 °F)
ISO 1196072 grades: ISO 1196072 grades: ISO 1196072 grades: ISO 1196072 grade:
H40 N80 type Q N80 Q125b
J55 R95¢ P110
K55 C110
M65
L80 type 1
C90 type 1
T95 type 1
Prdprietary grades as Proprietary Q&T grades Proprietary Q&T grades
described in A.2.2.3.3 with 760 MPa (110 Kksi) with 965 MPa (140 ksi)
or less maximum yield or less maximum yield
strength. strength.

Casings and tubulars made
of Cr-Mo low-alloy steels
as described in A.2.2.3.2.

Low
sep

acc
C

fory

Teny

peratures given are minimum allowable service temperatures with respect to SSC+

hrately.
For the purposes of this provision, API 5CT is equivalent to ISO 11960:2020.

Types 1 and 2 based on Q&T, Cr-Mo chemistry to 1 036 MPa (150 ksi) maximum yield strength. C-Mn s
ptable.

In earlier editions of ISO 11960/API 5CT this grade was named C95. For the purposes of this provision,
her C95 are deemed equivalent.

r temperature toughness (impact resistance) is not considered, equipmeént‘users shall determine rpquirements

eels are not

R9O5 and the

A2

Bol
flan
sha

Des
whyd
flan

2.4 Bolting and fasteners

ge protectors or otherwise denied direct atmospheric exposure or direct open seawate
| conform to the general requiréments of A.2.1.

bn using SSC-resistant bolting and fasteners. The use of SSC-resistant bolting and fastene
ges shall be in accordanee with ISO 10423.

Table A.4 — Acceptable bolting materials

ing that can be exposed directly to a,sour environment, or that is buried, insulated, equlipped with

[ exposure,

igners and users should be-aware that it can be necessary to lower equipment pressyire ratings

s with API

Bolts Nuts
ASTM A193 grade B7M
ASTM A194 grades 2HM, 7M

ASTM A320 grade L7M
A.213 Applirnfinn to pqnipmpnf
A.2.3.1 General
The general requirements of A.2.1 apply, with the following modifications.
A.2.3.2 Drilling blowout preventers

A.2.

3.2.1 Shear blades

The high-strength steels used for blowout-preventer (BOP) shear blades can be susceptible to SSC. The
suitability of shear blades that do not conform with this annex is the responsibility of the equipment user.
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A.2.3.2.2 Rams

Rams manufactured in quenched and tempered Cr-Mo low-alloy steels (UNS G41XXO0, formerly
AISI 4IXX, and modifications) are acceptable if the hardness does not exceed 26 HRC. If the hardness of
these alloys exceeds 22 HRC, careful attention shall be paid to chemical composition and heat treatment
to ensure their SSC resistance. SSC testing, as agreed with the equipment user, shall demonstrate that
the performance of the alloy meets or exceeds that of field proven material.

A.2.3.2.3 Drilling, well construction and well-servicing equipment exposed only to drilling
fluids of controlled composition

Given the hligh strength often needed, drilling equipment might not conform with ISO 15156 (all pattg). In

such cases
As servicd
important,
hydrostati

the primary means for avoiding SSC is control of the drilling or well-servicing enviren
stresses and material hardness increase, drilling-fluid control becomes indrea
Care shall be taken to control the drilling environment by maintenance of drilling-f
" head and fluid density to minimize formation-fluid in-flow and by the use 6fene or mor

sihaly
gly

nt

Juid
e of

the followihg:

a) maint¢nance of pH 10 or higher to neutralize H,S in the drilled formation;

b) use of phemical sulfide scavengers;

c) use of p drilling fluid in which oil is the continuous phase.

A.2.3.3 Compressors and pumps

A.2.3.3.1 |Compressor impellers

UNS G432
fraction to
strength o
three-step

a)
b)

D0 (formerly AISI 4320) and a modified version of UNS G43200 that contains 0,28 % njass
0,33 % mass fraction carbon are acceptable for compressor impellers at a maximum yjield
[ 620 MPa (90 ksi) provided they have'been heat-treated in accordance with the following
procedure.

Austenitize and quench.

Tempe [ool

to amh

r at 621 °C (1 150 °F) minimum temperature, but below the lower critical temperature.
ient temperature before thé second temper.

c) 1 to

Tempelr at 621 °C (1 150°F)Y minimum, but lower than the first tempering temperature. Cod
ambient temperature.

A.2.3.3.2 |Special provisions for compressors and pumps

Soft carbon steel and soft, low-carbon iron are acceptable as gaskets.

Cast irons Jnraceordance with A.2.4 are acceptable.

A.2.4 Requirements for the use of cast irons

A.2.4.1 General

Grey, austenitic and white cast irons shall not be used for pressure-containing parts. These materials
may be used for internal components if their use is permitted by the equipment standard and has been
approved by the equipment user.

Ferritic ductile iron in accordance with ASTM A395 is acceptable for equipment unless otherwise
specified by the equipment standard.
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A.2.4.2 Packers and subsurface equipment

The listed cast irons are acceptable for the following applications.

Table A.5 — Cast irons acceptable for packers and other subsurface equipment

Component Castiron
Drillable packer components Ductile iron (ASTM A536, ASTM A571/A571M)
Malleable iron (ASTM A220, ASTM A602)
Compression members Grey iron (ASTM A48, ASTM A278)

A.2}4.3 Compressors and pumps

Grej cast iron (ASTM A278, Class 35 or 40) and ductile (nodular) cast iron (ASTM A395) are|acceptable
as dompressor cylinders, liners, pistons and valves.

A.3 SSC-resistant steels for use throughout SSC region 2

A.3l1 General
Thd steels listed in A.2 are acceptable.

The properties of steels typical of those that have been shown to meet the requirements for spur service
throughout SSC region 2 are described below. Qualification according to Annex B shall be perfformed for
stegls that do not conform with A.2.

A.3l2 Downhole casing, tubing, and tubular components

Cas|ng, tubing and tubular components, made of Cr-Mo low-alloy steels (UNS G41XX(), formerly
AIS| 41XX, and modifications) have proven acceptable in the quenched and tempered| condition.
Typically, the actual yield strength of:aeceptable steels has been no more than 760 MPa (1f10 ksi) [an
SMYS of approximately 550 MPa (80’ksi)] and their hardness has been no more than 27 HRC. Other
reqpirements shall be in accordance with the applicable manufacturing specification.

A.313 Pipeline steels

Pipeline steels requir€appropriate restricted chemistries to ensure good weldability. Typicplly, SMYSs
of up to 450 MPa (65-%5i) have proven acceptable. Typically, fabrication and field weld hardgess should
not|exceed 280 f1V! Other requirements shall be in accordance with the applicable marufacturing
spefification.

A.4 SSC-resistant steels for use throughout SSC region 1

A.4.T General
Steels listed in A.2 and A.3 are acceptable.

The properties of steels typical of those that have been shown to meet the requirements for sour service
throughout SSC region 1 are described below. Qualification according to Annex B shall be performed for
steels which do not conform with A.2 or A.3.

A.4.2 Downhole casing, tubing, and tubular components

Casing, tubing and tubular components made of Cr-Mo low-alloy steels (UNS G41XXO0, formerly
AISI 41XX and modifications) have proven acceptable in the quenched and tempered condition.
Typically, the actual yield strength of acceptable steels has been no more than 896 MPa (130 ksi) [an

© IS0 2020 - All rights reserved 25


https://standardsiso.com/api/?name=bacdc14c5bd86850c1989d943f247390

ISO 15156-2:2020(E)

SMYS of approximately 760 MPa (110 ksi)] and their hardness has been no more than 30 HRC. Other
requirements shall be in accordance with the applicable manufacturing specification.

A.4.3 Pipeline steels

Pipeline steels require appropriate restricted chemistries to ensure good weldability. Typically, SMYSs
of up to 550 MPa (80 ksi) have proven acceptable. Typically, fabrication and field weld hardness should
not exceed 300 HV. Other requirements shall be in accordance with the applicable manufacturing
specification.
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Annex B
(normative)

Qualification of carbon and low-alloy steels for H,S service by

laboratory testing

B.1

Thiy annex specifies requirements for qualifying carbon and low-alloy steels f6r“H,S
labgratory testing. Requirements are given for qualifying resistance to the/followin

med¢

a)

b)

In alll cases, the equipment user shall ensure that the testing chosen is appropriate to the co
thelintended service(s). The acceptance of the testing chosen shall be documented.

B.2

B.2l.1- General

Requirements

hanisms.

SSC qualification by laboratory testing shall require one or more of the following:

service by
b cracking

P

— SSC testing in accordance with the materials manufacturing-specification; see also A.2.1.1;

— testing for specific sour service applications in accordance-with B.3;

— testing for SSC regions 1 or 2 of Figure 1 in accordaice‘with B.3 and footnote g of Tdble B.1;

— testing for sour service in all SSC regions of Figuxe 1 in accordance with B.3.

The qualification tests summarized demonstrate varying levels of resistance to S
environments. Some carbon and low-alloy steels described or listed in A.2 might not p3
the laboratory test requirements listed abeve (see A.2.1).

5C in sour
ss some of

SZC and SOHIC qualification shall require testing in accordance with B.4 using gppropriate

environmental conditions from thosespecified for SSC qualification.
HIC and SWC shall be qualified as’follows:
— in any service envirominent (see B.5 and Table B.3);

— in specific sour service applications (see B.5 and Table B.3).

Uses.of laboratory qualifications

nditions of

An overview of the alternative uses of laboratory qualifications is given in Figure B.1.
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Establish requirement
for cracking-resistant
alloy(s)

~ _~

Suitable materials can be No Lab lificati
selected from ISO 15156-3:2020, aboratory qualification to

And/or Laboratory qualification to obtain

; t . . tsd listing
Annex A or this document, equipment user's requirements in Annex A
Annex A
AT A
Qualification of Qualification of
manufactured products defined production
See B.2.2
(\ee ) J route (See B.2.3) 1. Carry out and report'laboratory
tests in accordance witlr the
requirements of [SQ'15156-1
. 2. Submit a proposal for revision|
Purchaser and supplier . .
agree basis of - or amendment'of this documentfin
lificati Purchaser reviews accordance with ISO procedures|
qualiiication and accepts supplier's
Yks documented routing
qualification
Complete and
document qualification
Equipment user reviews and accepts
qualification for intended application(s)
Use alloy as qualified
Use glloy as listed (Consider submission forAnnex A listing) If successful, alloy becomes listed
a This|document addresses SSC, HIC, SOHIC and SZC of carbon and low-alloy steels. ISO 15156-3 address¢s
SSC, SCC and galvanically induced liydrogen stress cracking (GHSC) of corrosion-resistant alloys (CRAs)
and pther alloys.
b Ann¢x A addresses SSC of carbon and low-alloy steels. ISO 15156-3:2020, Annex A addresses SSC, SCC gnd
GHSC of CRAs and other allays.
¢ See fiinal paragraphs of“Introduction” for further information regarding document maintenance.
NOTE Flowchart omitsTqualification by field experience as described in ISO 15156-1.
Figure B.1 — Alternatives for alloy selection and laboratory qualification

B.2.2 Qualification of manufactured products

The user of this document shall define the qualification requirements for the material in accordance
with [SO 15156-1 and this annex.

This definition shall include the application of the following:

a) general requirements (see ISO 15156-1:2020, Clause 5);

b) evaluation and definition of service conditions (see ISO 15156-1:2020, Clause 6);
c) material description and documentation (see ISO 15156-1:2020, 8.1);

d) requirements for qualification based on laboratory testing (see ISO 15156-1:2020, 8.3);
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e)

Appropriate test batches and sampling requirements shall be defined with regard for the nature of
the product, the method of manufacture, testing required by the manufacturing specification and the
required qualification(s) (SSC, SOHIC, SZC, HIC/SWC).

report of the method of qualification (see ISO 15156-1:2020, Clause 9).

Samples shall be tested in accordance with Annex B for each cracking mechanism being qualified.
A minimum of three specimens shall be tested per test batch. The test batch shall be qualified if all
specimens satisfy the test acceptance criteria.

Re-testing is permitted as follows. If a single specimen fails to satisfy the acceptance criteria, the cause

sha
spe
satil
the

Tes
exp|

Bef
ver
bee

B.2
Ad

A qgtialified production route may be followed to avoidorder-release testing for H,S-cracking

Am
pro
mat

A qualified production route may be usé€d to produce qualified material for more than one mat

I'be investigated. If the source material CONforms to the manufacturing speciiication, t
Cimens may be tested. These shall be taken from the same source as the failed specin
sfy the acceptance criteria, the test batch shall be considered qualified. Further retests sh
[purchaser’s agreement.

ring of manufactured products may be carried out at any time after manufacture
psure to H,S service.

pre the products are placed in H,S service, the equipment user shdll)review the qualif
fy that it satisfies the defined qualification requirements. Products with a qualificati
h verified by the equipment user may be placed into H,S service.

.3 Qualification of a manufacturing source and route

bfined production route may be qualified for the production of qualified material.

aterials supplier may propose to a materials-purchaser that a qualified production routg

erials purchaser agree to its use.

wo further
en. If both
all require

hnd before

cation and
n that has

resistance.

be used to

duce qualified materials. The qualified production route may be used if the materials syipplier and

erials user.

To pualify a production route, the material supplier shall demonstrate that a defined production
roufe is capable of consistentlymanufacturing material that satisfies the applicable qualification test
reqpirements of Annex B.

The qualification of a praduction route requires all of the following:

a) |definition of theDproduction route in a written quality plan that identifies the marufacturing
location(s), all'manufacturing operations and the manufacturing controls required to mpintain the
qualification;

b) [|initialtesting of products produced on the defined production route in accordance with|B.2.2, with
verification that they satisfy the acceptance criteria;

c) Perfodictesting to confirm that the product CONtINUES o Nave the required resistance to cracking
in H,S service; the frequency of “periodic” testing shall be defined in the quality plan and shall be
acceptable to the purchaser; a record of such tests shall be available to the purchaser;

d) retaining and collating the reports of these tests and making them available to material purchasers

and/or equipment users.

A material purchaser may agree additional quality control requirements with the manufacturer.

The accuracy of the quality plan may be verified by site inspection by an interested party.

© IS0 2020 - All rights reserved

29


https://standardsiso.com/api/?name=bacdc14c5bd86850c1989d943f247390

ISO 15156-2:2020(E)

B.2.4 Use of laboratory testing as a basis for proposing additions and changes to Annex A

Proposals for additions and changes shall be documented in accordance with ISO 15156-1. They shall
also be subject to the following additional conditions and requirements.

use with steels that do not conform with the general requirements described in A.2.1.

Laboratory testing for the evaluation of carbon and low-alloy steels for addition to Annex A is for

Addition of a carbon or low-alloy steel to A.2 requires the testing described in Table B.1 for all SSC

regions of Figure 1 (see 7.2).

— Additigmofacarbororfow=atloy steel to A-S or A# requires the testing described i Tabie B for
the appropriate SSC region of Figure 1 (see 7.2).

— The steel being qualified by laboratory testing shall be selected in accordance with ISQ 15156-1.

— Materijal representing a minimum of three separately processed heats shall be tested for [SSC
resistgnce in accordance with B.3.

— Sufficipnt data shall be provided to allow the members of ISO/TC 67 to assess the material and
decidelon the suitability of the material for inclusion into this document, byxamendment or revidion,
in accqrdance with the ISO 15156 series maintenance process as described in the introduction.

B.3 Testprocedures to evaluate the resistance of carbenrand low-alloy steels to §SC

Qualificatipn shall be in accordance with B.1 and, as appropriate,Table B.1.

Unless otherwise indicated, test requirements shall be in a¢cordance with NACE TM0177.

Generally, [testing is performed at ambient temperature [24 °C + 3 °C (75 °F = 5 °F)]. For tesfing

at elevated temperatures, reference may be made~to the guidance on test environments given in

ISO 1515643:2020, Annex B.

For materfals testing to a materials manufacturing specification, reference should be made to|the

appropriate specification, and to A.1 and B.1«

Table B.1 —£ SSC laboratory testing for sour service
Qualificaf Test Applied H,S partial Acceptance
tion abi 2q | Environment 2 . Remarks
..o d | typedbl | stpess® pressure criteria
validity
No SSC cracks in
~ accordance with e ]
FPB 290 % AYS Specific applicafion
NACE TMO0316 as- or less severd
sessment method environment
No SSC cracks in
9 frac- : i ifida-
Specific o .5 /o‘mfsi rac accordance with Region quallflcg
p. . UT OrI >90 % AYS torNaCr=0%70 . NACE TMO177 TIon SU?]eCt TO "e—
application, CR mass fraction | Appropriate assessment meth- | duate “coverage &
or CH;COONa, to intended od
SSCregion 1 pH adjusted to |[application or
or region 2 required value | SSCregion Assessment
of Figure 1 using HCl or shall be in ac- Use as qualifica-
NaOHe cordance with tion at equipment
DCRh Not NACE TM0177. user’s discretion
applicable Acceptance and with docu-
criteria shall be mented
by documented justification
agreementk
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Qualifica-
tion
validityf

Test ‘
typea,b,l

Applied
stresscd

Environment

H,S partial
pressure

Acceptance
criteria

Remarks

FPBI

>80 % AYS

11T

No SSC cracks in
accordance with
NACE TM0316 as-
sessment method

No SSC cracks in
accordance with

All SSC
rggions of

igure 1

(=ul

U1l Ul

CR

>80 % AYS

DCBh

Not
applicable

NACE TM0177
Environment A
(5 % mass
fraction NaCl +
0,5 % mass frac-
tion CH;COOH)

100 kPa
(15 psi)
in accord-
ance with
NACE TM0177

NACE TM0177
assessment meth-
od

Assessment
shall be in acs
cordance with
NACE TMO177.

Acceptance cri-
teria
shall’be by docu-
mented
agreementk

Use as|qualifica-
tion at gquipment
user’s fliscretion
and wjith docu-
r‘;lvknted

justiffication

i)
_

he test types are as follows:
+ UT testin accordance with NACE TM0177, Method A;
+ FPBtestin accordance with NACE TM0316;
+ CRtestin accordance with NACE TM0177, Method\C;

+ DCB testin accordance with NACE TM0177,Méthod D;

+ Other test specimens, including full-sizeccomponents, may be used when appropriate.
Their use shall be by agreement between the purchaser and the supplier.

b HPB, CR or UT tests are preferred forthe-qualification of welding and joining procedures; see 7.3 dnd 7.4. For
welded samples, specimens shall normally be taken transverse to welds; testing shall be based on tHe actual
yield strength of the lowest yield strength parent metal; side 4-point bend testing may be used, subjgct to the
agreement of the equipment user, For details of side bend tests, see Reference [27].

¢ Hor applications where a lowJservice stress level, as a proportion of yield strength, is guaranteed, fhe test
str¢ss may be reduced to the maximum service stress. In such cases, the tests and acceptance criterja shall be
agreed with the equipniefit user. Such agreements shall be documented.

d AYS indicates thewactual yield strength of material in finished form at the test temperature. The A)S shall be
as defined in theroduct specification or the 0,2 % proof stress (R, ) determined as the “non-propprtional
elohgation” in.accordance with ISO 6892-1.

¢ Hor SSC tests with pH control, the pH value during tests should be less than or equal to the requirg¢d value.
Cornjtrokte’within a range of 0,1 pH units is achievable in practice.

f SpeTS0 15156-1:2020, Clause 5, for more information regarding designs utilizing plastic design crjteria.

g Testing under the conditions listed in Table B.2 provides qualification for use throughout a region.

h' For special cases, including components of heavy section or of complex shape, DCB tests may be used to sup-
port designs based on fracture mechanics.

I Test types are not necessarily equivalent and results might not be directly comparable.

] When SOHIC and/or SZC evaluation of a test specimen are carried out, see 7.2.2, the requirements of this
table and of B.4 shall be met.

k See ISO 11960 for information on tubing and casing grades C90 and T95.
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Table B.2 — Test conditions

7 to

Required H,S partial pressures for tests
kPa
pH — —
Set of conditions for Set of conditions for
SSCregion 1 SSCregion 2

3,5 — 1

4,0 0,3 —

4,5 1 10

55 10 100

6,5 100 —
B.4 Test procedures to evaluate the resistance of carbon and low-alloy steels tg
SOHIC and SZC
B.4.1 Geperal
The test njethods described in this annex have been used successfully to demonstrate sensitivit
SOHIC or SE.C.
Materials ghall have been qualified with respect to SSC resistance-for the design conditions priofr to
SOHIC/SZ( evaluation.
When evalfiating welds, 7.3.3 shall also apply.

The validi

Test meth
developme
of such tes

B.4.2 Sm

B.4.2.1 §

The test samples used to determine susceptibility to SOHIC/SZC shall be the apparently unfailed U

FPB test sy
undergo SS§

For small-s

B.4.2.2

Hvaluation and acceptance criteria for UT test specimens

y of the test results for conditions other than those evaluated is defined in ISO 15156-1.

bds described for SOHIC and SZC are_wnhot standardized. Alternative tests are un
nt. The equipment user may choose other tests at his discretion. The justification of the
's shall be documented.

all-scale tests

pecimen selection

ecimens taken fremisuccessful SSC qualification testing. Steels selected using A.2 shall
C testing according to B.1 prior to the SOHIC/SZC evaluation.

cale testing,of welds, specimens shall be taken transverse to the weld.

One of the

der
use

[ or
hlso

following evaluations and acceptance criteria for UT test specimens shall apply.

a) Heat the specimens to 150 °C and hold at that temperature for 2 h to remove absorbed hydrogen.
Measure the tensile strength of the specimen. The tensile strength shall be not less than 80 % of the
actual tensile strength of the material as determined on identical, previously unused, specimens.

b) Make at least two metallographic sections parallel to the sample axis. Examine the sections for
possible ladder-like HIC features and other cracks related to SOHIC or to the soft zones of a weld
(SZC). No ladder-like HIC indications nor cracks exceeding a length of 0,5 mm in the through
thickness direction are allowed.
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B.4.2.3 Evaluation and acceptance criteria for FPB test specimens

A wet-magnetic-particle examination shall be carried out on the side of the sample that was under
tensile stress during H,S exposure.

Below any magnetic particle indications running perpendicular to the stress axis, metallographic
sectioning shall be made perpendicular to the indications or, in the absence of magnetic particle
indications, at least two metallographic sections shall be made parallel to the stress axis of the
specimen.

Sections produced in these ways shall be examined for possible ladder-like HIC features and other

crafks related to SOHIC or to the soit zones of a weld (SZCJ. No ladder-Tlike HIC features [nor cracks
exceeding a length of 0,5 mm in the through thickness direction are allowed.

To assist the detection of damage, specimens may be plastically deformed by 5.%in thle previous
bentling direction prior to metallographic sectioning. Prior to deformation, the-specimefs shall be
heafed to 150 °C and maintained at that temperature for 2 h to remove absorhéd hydrogen.

Darhage developed on the tensile side of a specimen in the form of blisters.less than 1 mn] below the
surface, or on the compression side regardless of the depth of the blister, may be disregarfled for the
ass¢ssment of SOHIC/SZC but shall be reported.

B.4.3 Full pipe ring tests

Full pipe ring tests may be used. BS 8701 describes a test and acceptance criteria.

NOTE Residual stress has been shown to play an important role in the initiation of SOHIC and SZC. It is
somletimes considered that such stresses in field situationsiare better represented in large-scale spe¢imens.

B.J Test procedures and acceptance criteria to evaluate the resistance of|carbon
andl low-alloy steels to HIC/SWC

Tesf procedures and acceptance criteria-shall be in accordance with Table B.3.

Unless otherwise indicated, testqequirements shall be in accordance with NACE TM0284.
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Table B.3 — HIC/SWC test procedure and acceptance criteria

Product Applied Environment H,S partial Acceptance Qualification
type stress pressure criteria®g validityf
Average values
In accordance fth .
with NACE ol the 3 sectlons
NACE TM0284 Test | TM0284 for Test | ° °'*7 Wi | .
Solution A¢ Solution A test- uatspecimen ny sourservice
o CLR=<15%
ing, i.e. 100 kPa o
Flat-rolled (15 psi)¢ CTR<5%
steels or No applied CSR=2%
their stress Average values
products?® NACE TM0284 Test of the 3 sections
Solution C, Appropriate to of each individ- Specificlor les
pH adjusted to intended ual specimen pseveré dut 1
required value applicationd CLR<15% y
using HCI or NaOHd CTR<5%
CSR=<2%

application.

shall bein a

a  Qualifichtion of seamless tubular products may also be appropriate; see Clause 8.

f SeelSO[15156-1:2020, Clause 5, for further information regarding designs utilizing plastic design criteria.

g  Other aqgceptance criteria may be used subject to the documented approval of the equipment user.

b The sanjples being taken to represent the general performance of an order should be agreed between the producerfand
the equipment user. The sampling of materials for testing shall conform with ISO 15156-1%

¢ The usefisresponsible for deciding whether this test environment is adequate tozepresent the severity of the intended

d  Applicafion-specific tests of steel for new or existing installations may be.cadtried out. In such cases, the test durafion
cordance with NACE TM0284, dependent on the partial pressure:0f'H,S in the test gas.

¢ At the rlequest of the equipment user, ultrasonic evaluation of coupons may be used to find and evaluate areas of
cracking pripr to the selection of locations for metallurgical sectioning:See also EFC Publication 16 and NACE TM0284.
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Annex C
(informative)

Determination of H,S partial pressure and use of alternative
parameters

C.1] Calculation of partial pressure of H,S for systems with a gas phase

C.1}1 General

Thq partial pressure of H,S, Ph,s expressed in megapascals (pounds per-square inch), may be

caldulated by multiplying the system total pressure by the mole fraction“of H,S in the ggqs phase as
given in Formula (C.1):

X
H,S
=px—=— C1
Pi,s =P 100 (C.1)
whgre
p is the system total absolute pressure, expressed in megapascals (pounds per squdre inch);

X5 is the mole fraction of H,S in the gas, expressed as a percentage.

For|example, in a 70 MPa (10 153 psi) gas system, where the mole fraction of H,S in the gas is 10 %, the
H,Ypartial pressure is 7 MPa (1 015 psi):

If tll;re1 system total pressure and concentration of H,S are known, H,S partial pressures ¢an also be
estimated using Figure C.1.

C.12 Gas phase considerations, H,S partial pressure and fugacity

The partial pressure.'concept, based on the ideal gas law, provides an accurate repres¢ntation of
thermodynamic actlvity of gas species like CO, and H,S at near atmospheric total pressureg. At higher
pregsures, the truethermodynamic activity (chemical potential), expressed as gas phase fuggcity, drops
belgw the partial pressure. Therefore, the partial pressure concept introduces an excess fin severity
that increases with total pressure. (Generally, this excess decreases with increasing temperature.)
Herlce, assessments of systems with a gas phase, based on partial pressure, imply an environmental
severity.that equals or exceeds that of the corresponding field service considered and are t
acce 1 roach for an 1 pr re, in line with historical practice for evaluation of
of a sour environment.

Equipment users may employ H,S fugacity rather than partial pressure to characterize the
environmental severity of the production environment and to define the test environment representing
field service, thereby reducing excess severity introduced by the partial pressure concept. The degree
to which this excess would be reduced by considering gas phase fugacity depends on total pressure,
temperature and composition of the hydrocarbon-water system.

NOTE Systems with an extreme total pressure, typically above 1 500 bar (21 756 psi), would be characterized
as a dense fluid rather than gas or liquid and are preferably evaluated based on fugacity.

Fugacity models used in these calculations need to be validated to ensure they adequately reflect
the severity of the production environment and that all the test conditions applied are at least as
severe, with respect to the potential mode of failure, as those defined to occur in the field service
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(see ISO 15156-1:2020 8.3.4). This generally includes thermodynamic analysis of both production and
test environments and verification of the thermodynamic model under these conditions, along with
confirmation by physically testing.

C.1.3 Aqueous phase considerations, H,S concentration and chemical activity

Since corrosion cracking occurs in the aqueous phase, it is acceptable to assess the likelihood of
cracking on the basis of H,S dissolved in the aqueous phase instead of H,S partial pressure in the gas
phase. At near atmospheric pressure, assessments based on gas phase partial pressure, gas phase
fugacity, aqueous concentratlon or aqueous phase chemlcal act1v1ty are all equlvalent However at
higher pregstre g e e e mical
activity in the aqueous phase dev1ates from strlctly 1deal partlal pressure and aqueous concentration,
respectively.

NOTE for the purpose of this discussion, fugacity and chemical activity can be considered, equivalert as
they are baped on the same thermodynamic equilibrium considerations, using the chemical pgdtential condept.
Note that thie effect of salinity of the aqueous phase should be considered as well. This is commonly accounted for
by including an activity coefficient in the activity calculation.

[ion
iple

Generally, s for gas phase fugacity, assessments based on chemical activityor-aqueous concentra
imply a mdre modest environmental severity than those based on partial préssure. Hence the prind
given in ISP 15156-1:2020 8.3.4 as quoted above, applies: when using these parameters, the equipnjent
user needqd to demonstrate that the severity of the environment is preperly taken into account, wn;nch
generally ihcludes detailed thermodynamic analysis.

NOTE1 |
effects in th

mic
t on

ugacity can be considered an “effective partial pressure”,incorporating the non-ideal thermodyns:
e real gas that are ignored in the partial pressure deriyed from the ideal gas law. It is depender]

and general
coefficient,

liquid, and g
the fugacity
fugacity is g

NOTE2 /
ideal therm
is meaningl
species. Act]
activity and
potential (p
term chemi

NOTE3 |
cracking are

As indicate
temperatu
the aqueou

ly calculated from the total pressure, the mole fraction of the species in the mixture and its fugd
which in turn depends on temperature. The coneept of fugacity is applicable to all phases, ga
an be thought of as “escaping tendency” — the dfiver for a component to leave a phase. At equilibr
for each component is the same in all phases-of a mixture, gas or liquid. In this standard, the
rimarily used as a property of species in the-gas phase.

\ctivity or chemical activity can be_considered a “pseudo mole fraction”, and incorporates the
dynamic effects in the real liquid phase thatare ignored if just concentration is accounted for. Acti
ess if the reference state is notyspecified. Activity also incorporates the effect of brine salinity
jvity is often expressed as theinole fraction of the species multiplied by an activity coefficient. §

artial Gibbs free energy), it'is sufficient to specify either activity or fugacity. In this document
fal activity is primarily~used as a property of species in the liquid or aqueous phase.

xamples of nop-ideal thermodynamic effects and their analysis in the context of sour corroj
given in the fgllowing publications NACE C2014, papers 3870, 4243, 4285 and NACE C2015, paper 6

d in the{definitions given in ISO 15156-1:2020, Clause 3, fugacity is a function of press
e, andimixture composition; the impact of activity is further complicated by the salinit]
s phaSe. Care shall be taken to ensure thermodynamic analyses apply valid parameters.

city
s or
um,
erm

hon-
vity
bn a
ince

fugacity are unambiguously-related and are derived from the thermodynamic concept of chenpical

the
sion
D50.

ire,
y of

NOTE 4

ne n-situ pH, referred to as a ractor alfecting corrosion cracking, 1s derined based on the cherr

ical

activity of protons in the water phase. This activity in turn depends on the CO, and H,S chemical activities in the
water phase which are equivalent to the respective CO, and H,S fugacities. This implies high pressures have an
effect on pH, which can be accounted for by thermodynamic analysis.
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C.2 Calculations of effective H,S partial pressure for gas-free liquid systems

C.2.1 General

For liquid systems (for which no equilibrium gas composition is available), the effective thermodynamic
activity of H,S is defined by a virtual partial pressure of H,S that may be determined in the following way.

a)

b)

d)

Determine the bubble-point pressure, pg, of the fluid at operating temperature by any suitable

method.

NOTE For a liquid-full pipeline downstream of gas separation units, a good approximation for bubble-

point pressure is the total pressure of the last gas separator.

Determine the mole fraction of H,S in the gas phase at bubble-point conditions\by a
method.

Calculate the partial pressure of H,S, Ph,s expressed in megapascals (pounds per squa

the gas at the bubble point as given in Formula (C.2):

B XXHZS
Pr,s =P8 09

where
Pg is the bubble-point pressure, expressed.jn megapascals (pounds per squaf
X3 is the mole fraction of H,S in the gas; expressed as a percentage.

Use this as the H,S partial pressure for_the liquid system. This value can be used to
whether a system is sour in accordamce with option 1 (see 7.1) or to determine itg
sourness in accordance with option.2_(See 7.2).

ny suitable

re inch), in

(C.2)

e inch);

determine
degree of
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Figure C:D— H,S partial pressure isobars in sour-gas systems

e) Thermodynamic\models indicate that the bubble-point approach above in a) to d) may [not
adequgtely représent environmental severity for high total pressure gas-free liquid applicatjons
[oil wdlls with a total pressure typically above 350 bar (5 076 psi)] with bubble-point pressyres
signififantly lower than the total pressure. In these instances, fugacity or activity calculations|are
recomnremnded:

C.2.2 Considerations for high pressure gas-free oil wells, H,S activity

The above approach assumes the H,S severity of the environment is adequately represented by Ph,s at

bubble-point at any pressure higher than the bubble-point. This assumption is generally correct at low
to moderate pressures, but is not necessarily true at high pressures.

For gas-free liquid systems operating well above the bubble-point, increasing the pressure does not
resultin increased concentration of H,S in the aqueous phase, but does increase the chemical activity of
H,S in water (resulting from the Poynting correction factor for the effect of compressibility of the liquid
on H,S). Hence, the environment behaves as if there is more H,S.
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