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Fo reword 

ISO (lhe Inlemalìonal Organlzalion lor Slandardìzalion) is a worldwìde lederation 01 national slandards bωìes (ISO 
memberbod陆的. The work 01 preparing Intemalional Slandards is normally carried out lhrough ISO lechnical ∞mmil. 

lees. Each member body inleresled ìn a subjecl lor which a lechnical commillee has been eslablished has lhe righl 
10 be repreSenled on lhal commillee. Inlernal ional organizalions, governmenlal and non-governmenlal, in liaison wilh 
ISO, also lake part in lhe work. ISO collaborales closely willl 伽e Inlernational Eleclrolechnical Commission (IEC) on all 
ma世ers 01 electrolechnical standardization 

The procedures used 10 develop lhìs documenl and lhose ìnlended for i饱 lurther maìnlenance are described in lhe 
ISO/IEC Directives, Part 1. In particular, lhe di何erenl approv刮目t阳rìa needed for lhe differenllypes 01 ISO documenls 
shoυId be nOled. ThiS doCumenl was dralled in a∞均rdance wìlh the edìlorial rules of Ihe ISO/IEC DìreClìves, Pa叫 2

(see yi.wW.iso.orafdi陪ctive~).

Allention is drawn 10 lhe posSibility lhal "οme 01 lhe elemen怡。1 lhis documenl may be lhe subjecl 01 palenl 时ghls.ISO

shall nol be held resρonsible for idenlifying any or all suct、 pa恒nt ñghtS. Delails 01 any patenl righls identified during 
the developmenl 01 lhe documenl will be in lhe Inlroduclion and/or on lhe ISO lisl 01 palent decla阳tions received (see 
wWW.四o oro/oaten恒)

Any 1用de name used in lllis documenl is inlormation given lor 仙e ∞nvenience 01 users and does not conslilute an 
endorsement. 

For an explanation 01 the vOluntary nature 01 slandards, lhe meanlng 01 ISO specific terms and expressions related to 
∞nlormily assessme川， as well as ìnlormalion about ISO's adheren锦 10 lhe World Trade Organìzatìon (WTO) prìncl. 
ples in the Technical Barrìers to Trade (TBT), see yi.ww.lso.oranso/loreword.html. 

This document was prepared by Technical Commillee ISO厅C 67, Materials, equipment and offshore slruclures for 
petroleum, pelrochemical and natural gas industries, in collaboralion willllhe European Committee lor Slandardization 
(CEN) Technical Commillee CEN厅C 12, Materia/s, equipmenl and offshore slructures for petroleum, petrochemical 
and nalural gas industries, in accordance wilh lhe Agreement on technìcal ∞operation between ISO and CEN (Vienna 
Agreement) 

Thìs fourth edìtion cancels and replaces the thìrd edilion (ANSIINACE MR0175-2015/1S0 15156-1:2015), which has 
been technìcally revised. The maìn changes ∞mpared 10 lhe prevìous editìon are as lollows: 

new definìtìon on "galvani回lIy ìnduced hydrogen stress cracl<ing" (see .l.，H)，毛hemìcal aClìvity" (see ~) and 
"仙gacily" (see 3.2呈):

inclusion of an expanded descrìption 01 lactors affecting lhe susceptibilily 01 materials 10 cracking caused by H,S 
The expanded descñption includes specific guidance provided in ANSIINACE MR0175户2021/1S0 15156-2:2020, 

Annex C for gas phase conlaining systems using H,S fugacîty (as an allemative 10 H,S partial pressure) and appli­
cation of non-ideal lllermodynamic rules for gas-free lìquid systems 

ANSIINACE MR0175-2021月SO 1 5156:2020 ∞nsists 01 llle followìng pa邸， under lhe general title Petroleum and nat­
ural gas induslries - Malerials for use ín Hß-conlaíníng enν'íronmenls 的 oíl and gas production: 

P8I1 1: Genel习11 principles for selectíon Of cracklng-res闭tant maleria/s 

P8I1 2: Cracking resistanl CSI白on and low-alloy s tee/s, snd the use of casl irons 

Part 3: Cracking resis阳nl CRAs (co厅'osion resistant alloys) aM olher alloys 
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Introduction 

The ∞nsequences of sudden failures of melallic oil and gas field ∞mponenls， associaled wilh Iheir exposure I。
Hß-conlaining produClion fluids, led 10 Ihe preparation of Ihe firsl edilion of NACE MR0175, which was published in 
1975 by Ihe Nalional Association of Corrosion Engineers, now known as Ihe Asso臼ation for Malerials Proleclion and 
Perforrnance (AMPP) 

The original and subsequenl edilions of NACE MR0175 eslablished limils 01 H.S partial pre臼ure above which precau­
lions againsl sulfide slress cracking (SSC) were always ∞nsidered necessary. They also provided guidance lor Ihe 
seleclion and specificalion of SSC-resislanl malerials when the Hß Ihresholds were exceeded. In more recenl edilions, 
NACE MR0175 has also provided applicalion limils for some ∞rrosion-resislanl alloys, in lerms 01 environmenlal com­
posilion and pH, lemperalure, and H2S parl ial preSSures. 

In Separale developmenlS, lhe European Federation Of COrrosion issued EFC Publicalion 16 in 1995 and EFC Publi­
calion 17 in 1996. These documenls are generally complemenlary 10 Ihose of NACE Ihough Ihey differed in scope and 
delail. 

In 2003, Ihe publical ion ol lhe ISO 15156 series and NACE MR0175/IS0 1 5156斗 was compleled for Ihe lirsl l ime 
These technically idenl ical documents utilized lhe above sources 10 pro响de requirements and recommendations for 
materials qualili臼目。n and selecl ion lor applical ion in environments ∞nlaining wet H,S in oil and gas producl ion sys­
tems. They are ∞mplemented by NACE TMOl77 and NACE TM0284 lest methods. 

The revisíon of this d。民Jment， i.e. , ANSIINACE MR0175/IS0 151561, involves a consolidal ion of all changes agreed 
and published in lhe Technical Circular 1, ISO 15156-1:2015ICir.1:2017, publlshed by the ISO 15156 se时es Mainle­
nance Agency secretarìat al DIN. 

The changes were developed by, and approved by lhe ballol of，陪presentalive groups from within the oil and gas pro­
duction industry. The great majo川ty of Ihese changes s阳m from issues raised by documenl users. A description of Ihe 
process by which these changes we陪 approved can be fωnd al Ihe ISO 15156 series maintenan臼 website: 旦旦出豆豆
。roJìso15156maintenanCA

When found necessary by oil and gas production industry experts， 仙阳re interim changes to this document will be 
processed in lhe same way and w ill lead 10 inlerim updates to lhis doωment in Ihe forrn of Technical Corrigenda or 
Technical Circulars. Documenl users should be aware Ihat such documents can exisl and can impact Ihe validity of the 
dated references in this document. 

The ISO 15156 series MaintenanceAgency al DIN was set up after approval by Ihe ISO Technical Managemenl Board 
given in document 34/2007. This document describes lhe makeup of lhe agency, which includes experts Irom AMPP, 
EFC, and ISo.厅C 67, and the process for approval 01 amendments. It is available Irom lhe !SO 15156 series main­
tenance websile and Irom Ihe ISo.厅C 67 Secrelariat. The websile also provídes a∞ess to relaled documenls lhat 
provide more delail 01 the ISO 15156 series mainlenance acli响lies
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Petroleum and natural gas industrìes - Materials for use in H
2
S-contaíning 

envíronments ìn oíl and gas productíon - Part 1: General princíples for selectíon 
of cracking-resístant materials 

WARNING - Metallic mateñals selected using this document are resistant to cracking in delined Hß-containing 
environments in oil and gas production but not necessarily immune to cracking under all service conditions. It is 
the equipment user's 陪sponsibility to select materials suitable lor Ihe intended service 

1: Scope 

This document describes general principles and gives requirements and recommendations lor the selection and qual­
ification 01 metallic materials lor service in equipment used in oil and gas production and in natural-gas sweetening 
plants in H，S-∞ntaining environments, where the lailure 01 such equipment can pose a risk to the health and salety 01 
阳 public and per四nnel or to the environment. 11 can be applied to help to avoid costly ∞rrosion damage to the equip­
ment itself. 11 supplements, but does not replace, the mate时als requirements given in the appropñate design ∞des， 

standards, or regulations. 

This document addresses all mechanisms 01 cracking that can be caused by H,S, including sulfide stress cracking, 

stress corrosion cracking , hydrogen-induced cracking and stepwise cracking, stress-oriented hydrogen-induced crack­
ing, soft zone cracking. and galvani国lIy induced hydrogen stress cracking 

Table 1 provides a non叫exhaustive list 01 equipment to which this documen! is applicable, including exclusions 

This document applies to the qualification and selection 01 materials lor equipment designed and ∞nst阳cted using 
load controlled design methods. For design utilizing strain-based design methods. see Clause 5. 

This document is not necessarily applicable to equipment used in refining or downstream processes and equipment. 

Table 1 - L阳t 01 equlpment 

This document is app1icable to matørials used for the Excfusions 
lollowlng equlpment 

Orilling. well constructlon, and well-servicing Equipment exposed only to drilling nuids 01 controlled 
equipment compos耐。时

0011 bits 
Blowout preventer (BOP) shear blades' 
。而lling riser systems 
WOI1< strings 
Wireline and wireline equipmentO 

Surlace and intermediate casing 

Wells, including subsurface equipme时. gas-tift Sucker rod pumps and sucker rodsd 
eqUlpme时， wellheads. and christmas trees ElectrÎC subme陌ible pumps 

Other artificlal lift equlpment 
Slips 

Flowlines, gathe而n9 lines. fiek:t facUities, and field processing Crude.oil storage and handling facilities 。因用ting at a tolal 
plants absolute pressure below 0.45 MPa (65 p'剖)

Water-handling equipment Water-handllng racillties ope咱tingat a 10回I absotute pres四re
below 0.45 MPa (65 psi) 
Water injectlon and water disposal equipme时

Natural-gas Ireatment plants 

T用nsportation pipeli<晴s ror IIqυi<Ss， gases. and multiphase fluids Unes handlin咀 gas prepar<甜 rorgen研刮commeccial ar、ddomes1ic u回

For all equipment above Components loaded only in compression 

• see ANSIINACE MRO 175.11SO 1S1S6-2:2020.A.2.3.2.3 for rnore 'nformallon. 
" SeeANSI，阳A{;εMR01 7制50 lS1SG.2:2020.A2.3.立1 for more Informatlon. 
• Wireline lubr1caIO(事 M3sOasl回obgftuca闸to，r，to刷dM章，eteett自;n由g、aceevcioaen $b8e，em向a"deexto ElNudAMCE + 

e 阳r 组皿:tter l'Od pu!l'ØS andsucke((odS, reretence can be made to NACE M白。176.
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2: Normatíve references 

The lollowìng documents are relerred to ìn the text ín sυd、 a way lhat some or all 01 lheir content ∞nSlilules require­
men怡。1 thìs document. For dated relerences. only the edilìon cìled applìes. For undaled relerences. lhe latesl editìon 
ol lhe relerenced document (including any amendmenls) applies. 

AN511NACE MR017日150 1 5156号• Pelroleum and naluI四 gas induslries - Maleria/s for use in H，s-∞nla川ing envi­
ronmenls ;n oil and gas production - Parl 2: Cracking-resislanl carbon and low alloy slee怡" and the use of casl irons 

AN511NACE MR0175/150 15156-3, Petroleum and na阳甩1 gas industries - Maleria也 for use ín H，s-∞nlaining en­
ν'ironmenls in oil and gas production - Parl 3: Cracking-resislanl CRAs (，∞rrosion-resislanl alloys) and olher alloys 

3: Terms and definitions 

For lhe purposes 01 th自 document， Ihe lollowíng lerms and definil ions apply 

3.1 blowout preventer (BOP) 
mechani田1 device 佣pable 01 conlainíng pressure, used lor control 01 well fluíds and dríllíng fluids during drill­
ing operalions 

3.2 brazing 
joínìng metals by flowìng a thin layer (01 臼pìllary thíck明白) 01 a lower-meltìng-point non-Ierrous filler melal ìn 
Ihe space belween them 

3.3 carbon steel 
alloy 01 carbon and íron containíng up to 2 % mass lraction ca巾。n and up to 1.65 % mass Iraction manganese 
and resídual quan面tíes 01 other elements, ex臼pt those íntentionally added ìn specific quantíties lor deoxida­
tìon (υsually sílícon and/or alumínum) 

Note 1 to entry: Carbon 5恒els used ìn the petroteum industry usually contain le白 lhan 0.8 % mass怕ctionca巾。n.

3.4 christmas tree 
equipment at a wellhead lor lhe conllol 01 fluìd production or ìnjectìon 

3.5 cold work 
plastìc delormation 01 metal under condítions 01 temperature and strain rate that índuce slrain hardening, 
usually, but not necessaríl弘 conducted at r∞m temperature 

3.6 corrosion-陪sistant alloy (CRA) 
alloy ìntended to be resís恒nt to general and localized ∞rrosion 01 oilfield environments that are corrosíve 10 
ca胁。n steels (3.3) 

3.7 lerrite 
bOdy-臼ntered cubic crystalllne phase 01 iron-based alloys 

3.8 lerritlc steel 
steel whose microsl，阳clu陪{且A亘) at room tempe阳ture consisls p陪dominantly 01 ferri但 (3.7)

3.9 hardness 
resistance 01 metal to plastic delormation, usually measured by indentation 

3.10 heat-affected zone (HAZ) 
po叫ion of the base metal that is not melted during brazJng, cutlìng. or welding, but whose microstrocture Q.1豆)

and properties are altered by the heat 01 these processes 
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3.11 heat t reatment 
heatlng and coolíng a solíd metal or alloy In such a way as to oblaín desìred propertìes 

Note 1 to entry: Heating lor the sole purpose 01 hot wor1<íng is not considered heat treatment 

3.12 hydrogen-Induced cracklng (HIC) 
planar cracking thal occurs in 臼巾。n and low alloy steels when alomic hydrogen diffuses into the sleel and 
then combines to lorm molecular hydrogen at trap sites 

Note 1 10 ent叩 Crackìng results Irom the pressurizalìon 01 trap sites by hydrogen. No externally applíed stress 
ìs required lor the lormatìon 01 hydrogen-ìnduced cracks. Trap sites capable 01 田usìng HIC are commonly 
lound in steels wilh hìgh ìmpurily levels thal have a hìgh densìty 01 planar ìnclusìons and/or regìons 01 anom­
alous mícrostructure (3.16) (e.g. , bandìng) produced by segregatìon 01 ímpurìly and alloyìng elements ín Ihe 
steel. Thìs lorm 01 hydrogen-índuced crackìng ìs not related to weldìng. 

3.13 hydrogen stress cracklng (HSC) 
cracking that results Irom the presence 01 hydrogen in a metal and tensile stress (residual and/or applied) 

Note 1 to entry: SSC and GHSC are 10m喝。IHSC

3.14 galvanìcally ìnduced hydrogen stress crackìng (GHSC) 
crackìng that results due to the presen四 01 hydrogen ìn a metal ìnduced ìn the cathode 01 a galvanic ∞uple 

and lensile slress (residual and/or applíed) 

3.15 low-司IIoy steel 
steel with a 1。阳1 alloying element content 01 less than about 5 % mass Iraction, bul more Ihan specified lor 
carbon steel Q.丰}

3.16 町、ìcrostructure

sl阳cture 01 a melal as revealed by micros∞pic examination 01 a suitably prepared specimen 

3.17 par1ìal pressure 
pressure that would be exerted by a sìngle ∞mponent 01 a gas il present alone, at Ihe same temperature, in 
lhe lotal volume occupied by the mixture 

Note 1 10 entry: For a mìxlure 01 ideal gases, the partial pressure 01 each componenlls equal to the total pres­
sure multiplied by ìts mole Iraclion in the mixture, where its mole Iraction is equal to the volume lraclion 01 Ihe 
component 

3.18 resìdual stress 
stress present in a component Iree 01 external lorces or them回1 gradients 

3.19 soft-zone cracking (SZC) 
lorm 01 SSC that can 0∞ur when a steel contaìns a local .soft zone" 01 low-yield-strength materìal 

NOle 1 to entry: Under service loads, soft zones can yleld and accumulate plaslic strain locally, increasìng lhe 
SSC susceptibilily to cracking 01 an olherwise SSC-resistant material. Such soft zones are lypicallyass时ìaled

with welds in carbon stee/s (U) 

3.20 sour servlce 
exposure to oilfield environments that contain sufficíent H

2
S to cause cracking 01 materials by specific mech­

anlsn、s

Note 1 to entry: These specìfic mechanisms are addressed in this doωment 

3.21 stepwise cracking (SWC) 
crackìng that conn时ts hydrogen-induced c咱ckS on adìacent planes ín a s恤刨
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NOle 1 10 enlry: Thís term descrìbes the crack appearance. The linking of hydrogen-Induced cracks to produ佣

stepwìse 臼acking is dependenl on the local strain belween lhe cracks and the embrítUemenl of the surround­
ìng steel by dìssolved hydrogen. HIC/SWC Is usually assocíated wíth low-strength plate sleels used ìn lhe 
production of pipes and vessels 

3.22 stress corroslon cracklng (SCC) 
cracking of metal involving anodic pr，。但由esof l。臼lized corrosíon and tensile stress (resídual and/or applied) 
in the presence of water and H,S 

Note 1 10 enlry: Chlorides and/or oxìdanls and elevated lemperature can ìncrease the susceptibilìty of metals 
to thìs mechanìsm of altack. 

3.23 stress-orìented hydrogen-ìnduced crackìng (SOHIC) 
staggered small cracks formed approxímately perpendicular to the principal stress (resid叫。r applied) result­
ing in a " Iadder-like" 口ack array linking (somelimes small) pr，任exísting HIC c咱cks

Note 1 to enlry: The mode of cracking can be calegorized as SSC caused by a combination 01 exlernal stress 
and Ihe local slrain around hydrc到gen-índuced cracks. SOHIC is relaled 10 SSC and HIC/SWC. 1I has been ob­
se阿ed ìn parenl malerial 01 longi阳dinally welded pipe and in the heat-affecled zone (HAZ) (3.10) of welds in 
pressure vessels. SOHIC is a relal ively uncommon phenomenon usually associaled wílh low-slrenglh lerritic 
pipe and pressure vessel steels. 

3.24 sulfide stress crackìng (SSC) 
crackìng 01 me阳1 involving corrosìon and lensìle slress (residυal andfor applied) ìn the presence of water and 
H,S 

Note 1 to entry: SSC is a lorm 01 hydrogen slress cracking (HSC) Q.ll) and involves the embriltlemenl 01 
the metal by atomic hydrogen that ìs produced by acìd corrosion on the metal surface. Hydrogen uptake ìs 
promoted in the presence of sulfides. The atomic hydrogen can diffuse ínto the metal, reduce duc创邸" and 
increase susceptìbílíty to cracking. Hígh-strength melallìc materials and hard weld zones are proneωSSC. 

3.25 weld 
joínl between two or more pieces of metal by applying heat andfor pressure wíth or without filler metal, to pro­
duce a union through localìzed lusion 01 the subs trates and solidìficatíon across the ìnterfaces 

3.26 y ìeld strength 
stress al which a material exhibits a specified deviation Irom the proportionality 01 stress to straín 

Note 1 to entry: The deviation ís expressed in terms 01 straín by either Ihe offset method (usually at a straín 01 
0.2 %) o r the tolal-extension-under-Ioad method (usually at a straín of 0.5 %) 

3.27 chemìcal activìty 
unìt-Iess ral io of actual lugacity (01 a gas species) divided by ìts fugacity at a ∞nveniently defined relerence 
state 

NOle 1 to entry: In this document, lhe lerm chemical activìty is primaríly used as a properly 01 species ín lhe 
liquìd or aqueous phase . a "pseudo mole Iraction气 see also Noles in ANSlfNACE MR0175f1S0 15156-2:2020, 
C.l.3 

3.28 fugaclty 
e何'ective pressure of an ideal gas species, which has the same chemícal potential (pa时íal Gibbs 行ee energy) 
as the real gas sp民自

Note 1 to entry: In this documenl, the term lugacity is primarily used as a property of specìes in the gas phase, 
an "effective partial pressure飞 see also Notes in ANSIINACE MR0175川SO 15156-2:2020, C.l.2. 
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4: Abbrevíated terms 

BOP blowout preventer 

CRA corrosion.resislant alloy 

HAZ heat.a仔ected zone 

HIC hydrogen.induced cracking 

HSC hydrogen stress cracking 

SCC slress ∞rrosion cracking 

SOHIC stress咱riented hydrogen.indu国d cracking 

SWC step.wise cracking 

SSC sulfide stress cracking 

SZC soft.zone cracking 

5: General príncíples 

Use陌。1 the ANSI/NACE MR0175/1S0 15156 se付es shall lirst assess the ∞nditions to which Ihe materials they wish to 
select can be exposed. These conditions shall be evaluated, delined, and documented in accor咀ance with this document 

The equipment user shall determine whether or not the servi臼∞nditíons are such that 伽e AN51/NACE MR01751 
150 15156 series applies. 

Materials seleclion shall be made lollowing the requirements and recommendations 01 AN5 1/NACE MRO 175/1 50 15156-
2 or AN5 1/NACE MR0175/1 50 15156-3, as appropriate. 

The use 01 ANSI/NACE MR0175/1S0 15156-2 or ANSI/NACE MR0175/1S0 15156-3 can require an exchange of inlor­
mation (Ior example, concerning required or suilable se阿Ice ∞nditions) between the equipment user and the equip­
ment or mate而als supplier. 1I necessary, the equipment user should advise other parties 01 the service conditions 

NOTE It can be necessary lor the equipment supplier to exchange inlom旧tion with the equipment manulacturer, the 
materials supplier, and/or the materials manufaclurer 

Qualification, with resp町t to a pa叫icular mωe of failure, for use in defined service conditions also qualifies a material 
for use under 。伽er service conditions that are equal to or less severe in all respects than the ∞nditions for which 
qualification was carried out 

It is the equipment user's responsibilily to ensure that any material specified lor use in Iheir equipment is satislactory 
in the service environment. 

It is the equipment or materials suppli凹's responsibility to meet the metallurgical and manulacturing requirements and, 
when necessary, any additional testing requirements 01 the ANSI/NACE MR017511S0 15156 series lor the material 
selected in the condition in which it enters into service 

It is the equipment or materials supplier's responsibility to confonm with the requirements for the marking/do∞men­

tation 01 materials in accordan四 with AN51/NACE MR0175/150 15156-2:2020, Clause 9 or AN51/NACE MR01751 
15015156-3 :2020, 7.2, as appropriate 

This document applies 10 the qualification and selection of malerials lor equipment designed and ∞nstructed using 
load controlled design methods. For designs ulilizing slrain-based design methods, use 01 this doωment might not be 
appropriate and other test methods, not addressed in the ANSI/NACE MR0175川SO 15156 series, might be required 
The equipment/material suppli凹， in conjunction with the equipment user, shall define and agree on other testing r,• 
quirements and a∞eptance criteria 

ANSIINACE MR0175-20211IS0 15156.1:2020 
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