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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
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in_fiaison with 150U, also take part in the wWork. 1SO collaborates closely with
| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Rart2.
sk of technical committees is to prepare International Standards. Draft International Stand
the technical committees are circulated to the member bodies for voting-, Publication as

| Standard requires approval by at least 75 % of the member bodies casting'a.vote.

drawn to the possibility that some of the elements of this document miay be the subject of p3
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P was prepared by Technical Committee ISO/TC 67, MaterialS, equipment and offshore struct
Im, petrochemical and natural gas industries.

ecifically by the following:

n of the requirements for welding-procedure gqualification for overlay welding;

n of changes to the limitations that apply*to-Table A.1 on weld hardness;

n of the ISO equivalents of ASTMhardness standards;

n of a small number of othertechnical changes;

n of changes to make the-intent of the text clearer and to correct editorial errors.
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Introduction

The consequences of sudden failures of metallic oil and gas field components, associated with their exposure
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.
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psion-resistant alloys, in terms of environmental composition and pH, temperatufe and

bparate developments, the European Federation of Corrosion issued EFC Publication 16 in 19

cope and detail.

original and subsequent editions of NACE MRUT75 established imits of H,S partal pressure a
autions against sulfide stress-cracking (SSC) were always considered necessary. They-al
ance for the selection and specification of SSC-resistant materials when the H,S\thres
In more recent editions, NACE MRO0175 has also provided application “limitg

sures.

lication 17 in 1996. These documents are generally complementary to those of NACE though {

D03, the publication of the three parts of ISO 15156 and NACE MR0175/ISO 15156 was comp

mmendations for materials qualification and selection for.application in environments containi
il and gas production systems. They are complemented by NACE TM0177 and NACE T
hods.

revision of this part of ISO 15156 involves a consolidation of all changes agreed and publ
hnical Corrigendum 1,  ISO 15156-2:2008/Cor.1:2005 and by the Technical
15156-2:2001/Cir.1:2007(E), published by,the ISO 15156 maintenance agency secretariat at [

changes were developed by, and approved by the ballot of, representative groups from withir

Cription of the process by which™ these changes were approved can be found at the
htenance website www.iso.org/iso15156maintenance.

bn found necessary by oiland gas production industry experts, future interim changes to
15156 will be processed in the same way and will lead to interim updates to this part of ISO 1

for

can|exist and can imapact the validity of the dated references in this part of ISO 15156.

Th

Board givenlin) document 34/2007. This document describes the make up of the agency, whi
experts from NACE, EFC and ISO/TC 67/WG 7, and the process for approval of amendments. It

fro

accgssto related documents that provide more detail of ISO 15156 maintenance activities.

of Technical Corrigenda or Technical Circulars. Document users should be aware that such

ISO 15156 maintenance agency at DIN was set up after approval by the ISO Technical M

the ISO 15156 maintenance website and from the ISO/TC 67 Secretariat. The website al
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NING — Carbon and low-alloy steels and cast irons selected using this-part of ISQ

se of

15156 are

stant to cracking in defined H,S-containing environments in oil and)gas productiJ)

ssarily immune to cracking under all service conditions. It is the equipment user's re
elect the carbon and low alloy steels and cast irons suitable for the-intended service.

Scope

part of ISO 15156 gives requirements and recommendatioens for the selection and qualificatig
low-alloy steels for service in equipment used in oil and-\natural gas production and natural g3
ts in H,S-containing environments, whose failure can-pose a risk to the health and safety of th
onnel or to the environment. It can be applied to help to avoid costly corrosion damage to thg
f. It supplements, but does not replace, the imaterials requirements of the appropriate de
dards or regulations.

part of ISO 15156 addresses the resistance of these steels to damage that can be cause
5s-cracking (SSC) and the related phenomena of stress-oriented hydrogen-induced cracking (§
tzone cracking (SZC).

part of ISO 15156 also addrésses the resistance of these steels to hydrogen-induced crackin
ossible development into/stepwise cracking (SWC).

part of ISO 15156 (s-concerned only with cracking. Loss of material by general (mass loss)
osion is not addressed.

e 1 providesa non-exhaustive list of equipment to which this part of ISO 15156 is applicabl

part\of ISO 15156 applies to the qualification and selection of materials for equipment dg

n but not
ponsibility

n of carbon
s treatment
b public and
equipment
5ign  codes,

] by sulfide
BOHIC) and

g (HIC) and

or localized

e, including

signed and
train-based

stfucted using conventional elastic design criteria. For designs utilizing plastic criteria (e.g. §

and

TR R : : 3\ IQOd A 4 ONNO—OL =
HTe=Sdie Uesiylls ), SEC 10UV 19 190=1.2UUT, LIidUst o.

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

This part of ISO 15156 is not necessarily suitable for application to equipment used in refining or downstream
processes and equipment.
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Table 1 — List of equipment

ISO

15156 is applicable to materials used

for the following equipment Permitted 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, | Sucker rod pumps and sucker rods¢
wellheads aphd christmas trees

Electric submersible pumps
Other artificial lift equipment
Slips

Flow-lines, ¢

processing plants

Crude oil storage and handling facilities operating at a tg
absolute pressure below 0445\MPa (65 psi)

athering lines, field facilities and field

tal

Water-handling equipment Water-handling facilities operating at a total absolute
pressure below 0,45 MPRa (65 psi)
Water injection and water disposal equipment
Natural gas freatment plants —
Transportatipn pipelines for liquids, gases and multiphase |Lines handling gas prepared for general commercial ang
fluids domestic use
For all equigment above Comiponents loaded only in compression
2@  See A.2.B.2.3 for more information.
b See A.2..2.1 for more information.
¢ Wireline Jubricators and lubricator connecting devices ar€ not permitted exclusions.
d  For suckpr rod pumps and sucker rods, reference can be made to NACE MR0176.
2 Normative references
The followinhg referenced docéments are indispensable for the application of this document. For dated
references,| only the editiongited applies. For undated references, the latest edition of the refererjced
document (|ncluding any amendments) applies.
ISO 6506-1}, Metallicanaterials — Brinell hardness test — Part 1: Test method
ISO 6507-1} Metallic materials — Vickers hardness test — Part 1: Test method
1SO 6508- 1 Metaflic-materals—Reckwel-hardresstest—Part—Festmethod(seales A B G HO—++-6G, H
K, N, T)
ISO 6892-1, Metallic materials — Tensile testing — Part 1: Method of test at room temperature

ISO 10423, Petroleum and natural gas industries — Dirilling and production equipment — Wellhead and
christmas tree equipment

ISO 15156-1:2009, 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 15156-3:2009, 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

© 1SO 2009 — All rights reserved
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NACE TMO0177-05"), 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

EFC Publications Number 162), Guidelines on materials requirements for carbon and low alloy steels for
H,S-containing environments in oil and gas production

SAE AMS-2430P3), Shot Peening, Automatic

3 |Terms and definitions
For[the purposes of this document, the terms and definitions given in ISO 15156-1 and the-following apply.

31
Brinell hardness
HB
hardiness value, measured in accordance with ISO 6506-1, normally using(a)10 mm diameter tungsten ball
and|a force of 29,42 kN

NOTE For the purposes of this provision, ASTM E10 is equivalent to ISO 6506-1.

3.2
bulgble-point pressure
PB
pregsure under which gas bubbles form in a liquid at a particular operating temperature

Seg Clause C.2.

3.3
burhish
prog¢ess of smoothing surfaces using frictional contact between the material and some other hafd pieces of
material, such as hardened steel balls

3.4
casting
metgl that is obtained at of near its finished shape by the solidification of molten metal in a mould

3.5
cast iron
irontcarbon alloy,.containing approximately 2 % to 4 % mass fraction carbon

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

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

1) NACE International, P.O. Box 2183140, Houston, Texas 77218-8340, USA.

2) European Federation of Corrosion, available from The Institute of Materials, 1 Carlton House Terrace, London SW1Y
5DB, UK [ISBN 0-901716-95-2].

3) Society of Automotive Engineers (SAE), 400 Commonwealth Drive, Warrendale, PA 15096-0001 USA.

© 1SO 2009 — All rights reserved 3
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3.5.3

malleable cast iron
white cast iron that is thermally treated to convert most or all of the cementite to graphite (temper carbon)

3.54

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

3.6

cementite
microstruct

3.7

cold worki
cold deform
cold forging

cold forming
metal plastically under conditions of temperature and strain rate that;induce strain-harder

deforming
usually, but

3.8

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

Ng
ing

not necessarily, conducted at room temperature

fitness-for{purpose

suitability fdr use under the expected service conditions

3.9

free-machi'ring steel

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

3.10

lower critigal temperature

temperaturg of a ferrous metal at which austenite 'begins to form during heating or at which the transforma

of austenitg
3.11
nitriding
case-harde
ferrous allo
EXAMPLES

3.12
normalizin

is completed during cooling

hing process in which ‘nitfrogen is introduced into the surface of metallic materials (most comm
s)

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

¢)

heating a f

errolis ‘'metal to a suitable temperature above the transformation range (austenitizing), holdin

ing,

ove

tion

pnly

g at

temperaturg for a suitable time and then cooling in still air (or protective atmosphere) to a tempergture

substantially below the transformation 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 parts

those parts

EXAMPLES

whose failure to function as intended results in a release of retained fluid to the atmosphere

Valve bodies, bonnets and stems.

© 1SO 2009 — 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, measured in accordance with ISO 6508, obtained using a diamond cone indenter and a force
of 1471 N

NOTE For the purposes of this provision, ASTM E18 is equivalent to ISO 6508-1.

3.1

shgt peening
inddcing compressive stresses in the surface layer of a material by bombarding it with)'a*selecled medium
(usyally round steel shot) under controlled conditions

31

strgss relieving
healing a metal to a suitable temperature, holding at that temperature long enough to reduce residyal stresses,
and|then cooling slowly enough to minimize the development of new resjdual’'stresses

3.1¢
tempering
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 cast iron and, sometimes,| normalized
stegql

3.21

tensile strength

ultimate strength

ratigp of maximum load to original cross-sectional area

Seq ISO 6892-1.

3.21
tesf batch
groyp of items representing_a production batch whose conformity with a specified requirement can be
detgermined by testing representative samples in accordance with a defined procedure

3.22
tubular component
cylipdrical compenent (pipe) having a longitudinal hole, used in drilling/production operations fof conveying
fluigs

3.23
Vickers hardness
HV
hardness value, measured in accordance with 1SO 6507-1, obtained using a diamond pyramid indenter and
one of a variety of possible applied loads

NOTE For the purposes of this provision, ASTM E92 is equivalent to ISO 6507-1.

3.24

weldment

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

© 1SO 2009 — All rights reserved 5
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3.25
weld metal
that portion of a weldment that has been molten during welding

3.26

wrought metal

metal in the solid condition that is formed to a desired shape by working (rolling, extruding, forging, etc.),
usually at an elevated temperature

4 Symbhaols and abbreviated terms

For the purposes of this document, the abbreviated terms given in ISO 15156-1 and the following apply-
AYS pctual yield strength

CLR crack length ratio

CR c-ring (test)

CSR crack surface ratio

CTR crack thickness ratio

DCB double cantilever beam (test)

FPB four-point bend (test)

HBW Brinell hardness

HIC hydrogen-induced cracking

HRC Rockwell hardness (scale C)

HSC hydrogen stress cracking

HV \Vickers hardness

OCTG pil country tubular goods, i.e. casing, tubing and drill pipe
PH,S partial pressure-of H,S

Ryo2 D,2 % proofistress in accordance with ISO 6892-1

SMYS specified minimum yield strength

SOHIC stress-oriented hydrogen-induced cracking

SSC sulfide stress-cracking

SWC stepwise 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 © 1SO 2009 — All rights reserved
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5

5.1

5.2

ISO 15156-2:2009(E)

Purchasing information

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 complies with ISO 15156-1 and this part of ISO 15156.

The following information shall be provided:

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

eauinment tvne (if known):
h Ll J \ 77

5.3

allo
qua
exte

If th
add

reference to this part of ISO 15156;
acceptable bases for selection of materials for SSC resistance; see Clause 7;

requirements for HIC resistance; see Clause 8.

steels other than those described and/or listed in Annex A may_be selected subject
ification testing in accordance with Annex B and ISO 15156-1. The qualification requireme
nded to include resistance to SOHIC and SZC.

e purchaser intends to make use of such agreements, éxtensions and qualifications, the
tional information shall be clearly indicated in the materials.purchasing specification. This infor

incllide

5.4
dets

5.5

requirements for SSC testing; see 7.1, 7.2,
service conditions for specific sour-service application, and

other special requirements.

rmine the pH-value of a fluid.

The information required for material purchasing shall be entered on suitable data sheets.

formats are given in Annex E.

6

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

enyironments

The)
inte

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 manufacturérmay agree that carfbon or low-

to suitable
hts may be

appropriate
mation may

Annex C describes how to calcutate the H,S partial pressure and Annex D gives guidancg on how to

Suggested

taining

by complex

a)

b)
c)
d)

e)

chemical composition, method of manufacture, product form, strength, hardness of the material and its
local variations, 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;

© 1SO 2009 — All rights reserved
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f)
g)
h)

i)

exposure to non-production fluids;
exposure temperature;
total tensile stress (applied plus residual);

exposure time.

These factors shall be considered when using this part of ISO 15156 for the selection of materials suitable for
environments containing H,S in oil and gas production systems.

SOHIC a

7 Qualification and selection of carbon and low-alloy steels with resistance t0.SS
d SZC
pbn 1 — Selection of SSC-resistant steels (and cast irons) using Clause A.2

7.1 Opti

711 For

The selecti
this part of
these cond
susceptibilit

71.2 For

If the partig
shall be sel

NOTE 1 )
and natural-g
NOTE2 |

NOTE3 A

7.2 Opti
sSour serv

7.21

7211  (

Sulfide stress-cracking

PH,s < 0,3 kPa (0,05 psi)
pn of materials for SSC resistance for py;,5 below 0,3 kPa (0,05 psi). is not considered in detg
SO 15156. Normally, no special precautions are required for the selection of steels for use u

tions, nevertheless, highly susceptible steels can crack. Additional information on factors affeq
y of steels and attack by cracking mechanisms other than S§C'is given in 7.2.1.

PH,s > 0,3 kPa (0,05 psi)

| pressure of H,S in the gas is equal to or greater'than 0,3 kPa (0,05 psi), SSC-resistant st
pcted using Clause A.2.

[he steels described or listed in Clause A.2 arg\.considered resistant to SSC in oil and natural-gas produ
as treatment plants.

sers concerned with the occurrence of SOHIC and/or SZC can refer to Option 2; see 7.2.2.

or HIC and SWC, refer to Clause:8.

pn 2 — Selection of steels for specific sour-service applications or for ranges of
ce

seneral

Option 2 all

sour-service-applications-orforrangesof sourservicomMm |

bws, the user to qualify and select materials for sulfide stress-cracking (SSC) resistance for spe

C,

il in
nder
ting

eels

Ction

cific

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.

© 1SO 2009 — All rights reserved
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7.21.2 SSC regions 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 —’\, >
0,1 1 10 100 1000 X
Key
X H2S partial pressure, expressed inxkilopascals
Y |n situ pH
0 fegionO
1 [SSC region 1
2 [SSC region 2
3 [BSC region 3

NOTE 1 The“discontinuities in the figure below 0,3 kPa (0,05 psi) and above 1 MPa (150 psi) partial gressure H,S
reflgct uncertainty with respect to the measurement of H,S partial pressure (low H,S) and the steel’s performance outside
thesg limits' (for both low and high H,S).

NOTE 2  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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7.21.3 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.

— A steel's physical and metallurgical properties affect its inherent resistance to SSC and HSC; see
Clause 6.

— Very high-strength steels can suffer HSC in aqueous environments without H,S. Above about 965 MPa
(140 kg yietd—strengtty, attemntion shoufd—be given to steetcomposition and—processing to ensure Jthat
these dteels do not exhibit SSC or HSC in region 0 environments.

— Stress concentrations increase the risk of cracking.

7.21.4 SSCregions1,2and 3
Referring tq the regions of severity of the exposure as defined in Figure 1, steels for region 1 may be selefted
using Clauge A.2, A.3 or A.4; steels for region 2 may be selected using Clause A.2 or A.3; and steelg for
region 3 mgy be selected using Clause A.2.
In the absence of suitable choices from Annex A, carbon and low-alloy steels may be tested and qualified for
use under gpecific sour-service conditions or for use throughout a given SSC region. Testing and qualificgtion
shall be in gccordance with ISO 15156-1 and Annex B.

Documented field experience may also be used as the basis for material selection for a specific sour-seryice
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
form and their welded products for sour service in H,S-containing environments.

Clause B.4 |provides guidance on test methods’and acceptance criteria to evaluate resistance to SOHIC|and
SZC.

NOTE The occurrence of these phenomena is rare and they are not well understood. They have caused su@ilden
failures in pgrent steels (SOHIC) andrin,the HAZ of welds (SOHIC and SZC). Their occurrence is thought to be restr{cted
to carbon stgels. The presence of(sulfur or oxygen in the service environment is thought to increase the probability of
damage by these mechanisms.

7.3 Hardness requirements
7.3.1 General

The hardngss’)of parent materials and of welds and their heat-affected zones play important roleg in
determining The SST resistance of carbon and lIow 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 part of ISO 15156 may be considered acceptable if the average of several readings taken within close
proximity does not exceed the value permitted by this part of ISO 15156 and no individual reading is greater
than 2 HRC above the specified value. Equivalent requirements shall apply to other methods of hardness
measurement when specified in this part of ISO 15156 or referenced in a manufacturing specification.

NOTE The number and location of hardness tests on parent metal are not specified in ISO 15156.
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For ferritic steels, EFC Publication 16 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.

7.3.

3 Welds

3.1 General

The metallurgical changes that occur on welding carbon and low-alloy steels affect their susceptibility to SSC,

SOrHe

a4 070

Pro
crad

We
sup
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The
7.3.

7.3.

Har
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the

NOT
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The
thirg
HR
equ

NOT
hard
HAZ
sign
The

The

hardiness_acceptance criteria as permitted in 7.3.3.4.

7.3.

mo difu v v,

cesses and consumables should be selected in accordance with good practice and to achieve
king resistance.

ding shall be carried out in compliance with appropriate codes and standards-as agreed b
Rs) shall be available for inspection by the equipment user.

qualification of welding procedures for sour service shall include hardness testing in acco
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 the Vicke
b method in accordance with ISO 6507-1, or the Rockwell method in accordance with ISO 6
15N scale.

E
6508-1.

For the purposes of this provision, ASTM E92 is equivalent to ISO 6507-1 and ASTM E18 is

s of SMYS and the welding proceduré specification includes post-weld heat treatment. The
C method for welding procedure! qualification in all other cases shall require the agreern
pment user.

E Hardness surveys using.the Vickers or Rockwell 15N testing method produce a more detailed p
ness and its variations. Hardness surveys using the HRC testing method might not detect small zone
s where the hardness'\exceeds the acceptance criteria for the Vickers or Rockwell 15N testing
ficance of such smallhfiard zones is not well understood.

use of other hardness testing methods shall require the agreement of the equipment user.

Vickers ©r)Rockwell 15N hardness testing method shall be used for the qualification of alter

B.3

he required

etween the

blier and the purchaser. Welding procedure specifications (WPSs) and procedure qualificafion records

rdance with

rs HV 10 or
b08-1 using

equivalent to

HRC method may be used for welding procedure qualification if the design stress does not ¢xceed two-

use of the
hent of the

icture of weld
5 in welds or
method. The

native weld-

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

A weld hegt-affected zone (visible after etching)

B lines of 4

1,5 0,5

urvey

C hardnes$ impressions: Impressions 2, 3, 6, 7, 10, 11, 14, 15, 17 and 19 should be entirely within the heat-affdcted

zone and locited as close as possible to the fusion boundary between the weldsmetal and the heat-affected zone.

The top line |of survey should be positioned so that impressions 2 and-6.¢oincide with the heat-affected zone of theffinal

run or changg of profile of the fusion line associated with the final run.

Figure 2 — Butt-weld survey method for Vickers hardness measurement

12
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Dimensions in millimetres

Key|

affe

clos

ine of survey

weld heat-affected zone (visible after etching)

Figure 3 — Fillet weld

ine of survey, parallel to line B and passing through the fusion boundary between the weld metal and the heat-
ted zone at the throat
hardness impressions: Impressions 3, 6, 10 and 12 should be entirely within the heat-affected zone and located as
e as possible to the fusion boundary between-the weld metal and the heat-affected zone.
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Dimensions in millimetres

oD

A original Jveld heat-affected zone
B repair-wgld heat-affected zone
C parallel lnes of survey

D hardnesg impressions: Impressions in the heat-affected zone should be located as close as possible to the fysion
boundary.

The top line|of survey should be positioned so that the heat-affected zone impressions coincide with the heat-affgcted
zone of the final run or change in profile of the cap of fusion ling\associated with the final run.

Figure 4 — Repair and partial penetration welds
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Dimensions in millimetres

A B C
B <___+__+___~ﬁﬂ}1w---‘——+— [
e E
- . T
——-e —— & —— -o— g
A B C

Key

A |weld

B |weld heat-affected zone \(visible after etching)

C parent metal

D Jines of survey

E pardness impréssions: Impressions in the weld heat-affected zone should be located within 2 mm pf the fusion
boumndary.

Figure 5 — Butt weld survey method for Rockwell hardness measurements
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Dimensions in millimetres

OD

c g
A— LTRSS TR 6 [T o [T AT
) N N NN N NN N N N N ., N N N N S N S .~ 4 S N O O ) I - m
N N < I |
¥ < &
I
e
B 13 P 13 |
Key
A weld hegt-affected zone (visible after etching)
B lines of hardness survey indentations 1 to 12
C layer of yveld overlay (visible after etching)
D hardnes$ impressions
The Rockwdll C hardness measurement method may be used subject to\the requirements of 7.3.3.2. HRC hardpess
impressions |n the HAZ shall be located within 2 mm of the fusion boundary.
a8 Using tHe Vickers or Rockwell 15N measurement methods, -hardness impressions 2, 6 and 10 should be entirely
within the h¢at-affected zone and located as close as possiblecto, but no more than 1 mm from, the fusion boundary
between the jweld overlay and HAZ.
Figure.6 — Weld overlay

7.3.3.4 Hardness acceptance criteria-for welds
Weld hardneess acceptance criteria for steels selected using option 1 (see 7.1) shall be as specified in A.2{1.4.
Alternative [weld hardness acceptance criteria may be established from successful SSC testing of welded
samples. SHC testing shall bé-ifr accordance with Annex B.
Weld-hardness acceptance criteria for steels qualified and/or selected using option 2 (see 7.2) may be
established|from sucCessful SSC testing of welded samples. SSC testing shall be in accordance with Anngx B.

7.4 Othelr fabrication methods

For steels that are subject to hardness change caused by fabrication methods other than welding, hardness
testing shall be specified as part of the qualification of the fabrication process. Hardness testing shall be
specified as part of the qualification of burning/cutting processes if any HAZ remains in the final product. The
requirements, interpreted for the fabrication 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.

16
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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.

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.

NOT
not
than
whe

NOT
thou
9

Mat
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For

incliide reference to the environmental conditions of the special application.

The)

materials used in equipment or components and'their environmental service limits as defined in

ISO

The

E1 HIC/SWC leading to loss of containment has occurred only rarely in seamless pipe and othef\pro
lat-rolled. Furthermore, seamless pipe manufactured using modern technology is much less sensitive
older products. Hence, there can be benefits in evaluating seamless pipe for HIC/SWC resistance fo
[e the potential consequences of failure make this justifiable.

E2 The presence of rust, sulfur or oxygen, particularly together with chloride{ in“the service er
ght to increase the probability of damage.
Marking, labelling and documentation

erials complying with this part of ISO 15156 shall be made traceable, preferably by mark
ery. Suitable labelling or documentation is also acceptable.

materials qualified and selected for a special application in accordance with Annex B, tracq

equipment user may request the equipment’or materials supplier to provide documentg
15156.

tables in Annex E provide designations that may be used to identify materials.

ucts that are
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ing, before
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Annex A
(normative)

SSC-resistant carbon and low alloy steels (and requirements and
recommendations for the use of cast irons)

A.1 Gengral

This annex|describes and lists SSC-resistant carbon and low alloy steels. Requirements for the ‘use of
irons are given in A.2.4.

Steels comfplying with this annex might not resist SOHIC, SZC, HIC or SWC without the’ specificatio
additional réquirements; see 7.2.2 and/or Clause 8.

NOTE Clause A.2 is consistent with the previously established requirements of NACE MR0175.
At the time|of publication of this part of ISO 15156, there are no listings of stéels approved for SSC regi

(Clause A.3) or SSC region 1 (Clause A.4). Therefore Clauses A.3 and A<4Jindicate only properties typic
steels that gre expected to be suitable for use under the defined conditians:

A.2 SSCiresistant carbon and low-alloy steels and'the use of cast irons

A.2.1 General requirements for carbon and low alloy steels

eneral

low-alloy steels shall comply with(A2.1.2 through A.2.1.9.

low-alloy steels, productst-and components that comply with Clause A.2 are, with st
exceptions,|qualified in accordance with_this part of ISO 15156 without further SSC testing. Nevertheless,

cast

n of

bn 2
al of

hted
any

SSC testing that forms part of a materials manufacturing specification shall be carried out successfully and the

results repdrted.

The majorify of steels thateomply with the general requirements of Clause A.2 are not individually lidted;

however, fgr convenienceé;-some examples of such steels are listed in Tables A.2, A.3 and A.4.

NOTE
extensive cdrrelations of field failures/successes and laboratory data. The hardness limit of HRC 22 applied to

he carbontand low-alloy steels described/listed previously in NACE MR0175 (all revisions) were identifigd by

ost

carbon and [low-alloy steels is based on correlations of heat treatment, chemical composition, hardness and fgilure

experience. The higher hardness limits for the chromium-molybdenum steels are based on similar considerations.

A.21.2 Parent 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) hot-rolled (carbon steels only);
b) annealed;

c) normalized;
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d)
e)

f)

A.2.

ISO 15156-

normalized and tempered;
normalized, austenitized, quenched, and tempered;

austenitized, quenched, and tempered.

1.3 Carbon steels acceptable with revised or additional restrictions

2:2009(E)

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

a)

b)

A2

Acc
are

As

Forgings produced in accordance with ASTM A105 are acceptable if the hardness does
187 HBW.

Wrought pipe fittings to ASTM A234, grades WPB and WPC are acceptable if the hardnes
exceed 197 HBW.

1.4 Welding
ding and weld-hardness determinations shall be performed in accordance with 7.3.3.

eptable maximum hardness values for carbon steel, carbon manganese steel and low alloy
given in Table A.1.

requirements of Table A.1 do not require post-weld heat treatment.

Tu

as-Welded condition. For these products, hardness’testing of welding procedures may be waived
the pquipment user.

Some tubular products with an SMYS exceéding 360 MPa (52 ksi) (see A.2.2.2) may be acceptab

wel

Car
be

hardiness, determined in accordance with 7.3, shall be 250 HV or, subject to the restrictions descrik

22§

We
are

velded carbon steels, carbon-manganese steels and, low-alloy steels that comply with th

lar products with an SMYS not exceeding 360 MPa (52 ksi) and listed in Table A.2 are accef

ed condition if suitable qualified welding procedures are used. The conditions in Table A.1 shg

bon steel and low-alloy steel weldments that do not comply with other paragraphs of this sub
btress-relieved at a minimum,temperature of 620 °C (1 150 °F) after welding. The maximun

1RC.

ding consumables-and procedures that produce a deposit containing more than 1 % mass frg
acceptable after successful weld SSC qualification by testing in accordance with Annex B.

not exceed

s does not

steel welds

e hardness

table in the
f agreed by

e in the as-
Il be met.
Clause shall

weld zone
edin 7.3.3,

ction nickel
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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:
Base metal, HAZ and weld root metal as shown in 250 HV
Figures 2, 3 or 4 70,6 HR 15N
Vickers HV 10 or HV 5
Base metal and HAZ for weld overlays as shown in 250 HV
or Figure 6; see also A.2.1.5 b) 70,6 HR 15N
Rockwell HR 15N Weld cap:
Base metal, HAZ and weld metal of unexposed 275 Hva
weld cap as shown in Figures 2 or 4 73.0 HR 15N
As shown in Figure 5 22 HRC
Rockwell HRC; see 7.3.3.2 | gase metal and HAZ for weld overlays as shown in 22)HRC
Figure 6; see also A.2.1.5b)
@  The maxjmum shall be 250 HV or 70,6 HR 15N unless
— the pquipment user agrees the alternative weld cap hardness limit; and
— the parent material(s) are over 9 mm thick; and
— the eld cap is not exposed directly to the sour environment.
A.21.5 Suprface treatments, overlays, plating, coatings, linings, etc.
NOTE The composition and cracking resistance of overlays'are addressed in ISO 15156-3.

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

Overlays applied by thermal processes such~as welding, silver brazing, or spray metallizing systems|are
acceptable jf they comply with one of thefallowing requirements.

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

b) The maximum hardness and final heat-treated condition of the base metal substrate comply with A.4.1.2
and, i the case of)welded overlays, A.2.1.4. This requirement may be waived in accordance with
ISO 15(156-3:20095>A.13.1. The maximum hardness and/or other properties of the weld deposit ghall
comply with therequirements of ISO 15156-3 or this part of ISO 15156, as applicable.

Joining of djissimilar materials, such as cemented carbides to steels by silver brazing, is acceptable. The Base
metal after prazing shall comply 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
at a temperature below the lower critical temperature of the alloy being treated.

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 595 °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.
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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.

Cold-rotary straightened pipe is acceptable only where permitted in the applicable 1SO or APl 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, I1ISO 3183
L290, or lower-yield-strength grades with similar chemical compositions, are acceptable with cold strain

equ

ivalent 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.

A2

Thr

Thr
tread

A2

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

pads produced by cold forming (rolling) are acceptable in steels that otherwise comply wi
tment and hardness requirements of A.2.1.2.

1.8 Cold deformation of surfaces

Col

more cold work than that incidental to normal machining operations (such as turning, boring, rolling
drilling, etc.).
Cold deformation by controlled shot-peening is acceptable if ‘applied to base materials that com

part
exc

A.2
The

The)
flan

Cor
relig

A.2

A2

Exc]

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

of 1ISO 15156 and if restricted to a maximum shotsize of 2,0 mm (0,080 in) and an Almen i
pbeding 10C. The process shall be controlled in accordance with SAE AMS-2430P.

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

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

ventional sharp V-stamping shall not be performed in high-stress areas unless subsequg
ved at a minimum temperature of 595 °C (1 100 °F).

L2 Applicationto product forms

2.1 General

ept asimodified below, the general requirements of A.2.1 shall apply to all product forms.

th the heat

not impart
, threading,

bly with this
ntensity not

table.

diameter of

ntly stress-

A.2.2.2  Pipe, plate and fittings

Exa

mples of tubular products that can comply with A.2.1 are shown in Table A.2.

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

Ves

sel Code are acceptable.

Products made from flat-rolled steels in contact with trace amounts of H,S [i.e. even if p, g is below 0,3 kPa

(0,0

5 psi)] can be susceptible to HIC/SWC damage.
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Table A.2 — Examples of tubular products that can comply 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

ACSTAM AL2A cradl 4 "
T

[0R

2
z

Pipe seam

A.2.2.3 Dpwnhole casing, tubing and tubular components

A.2.2.3.1
Table A.3.

A.2.2.3.2

AISI 41XX,
does not ¢
760 MPa (1
than the S
Clause B.1

A.2.2.3.3

AISI 41XX
does not ex
using the U

A.2.2.3.4
be stress-re
formed (pin
5%, the g
(1100 °F).

If the conn
thermally sf

Yo Tz graac s art

ASTM A381 class 1, Y35 to Y65

velds shall comply with A.2.1.

ISO and API grades of casing, and tubing are acceptable for the temperature ranges givel

Tubulars and tubular components made of Cr-Mo low-alloy" steels (UNS G41XXO0, forn
and modifications), if quenched and tempered in the tubularform, are acceptable if their hardr
xceed 30 HRC and they have SMYS grades of 690 MPa (100 ksi), 720 MPa (105 ksi),
10 ksi). The maximum yield strength for each grade shalkbe no more than 103 MPa (15 ksi) hi
MYS. SSC resistance shall be demonstrated by testing each test batch and shall comply
using the UT test.

Tubulars and tubular components made-af Cr-Mo low-alloy steels (UNS G41XXO0, forn
hnd modifications), if quenched and tempéred in the tubular form, are acceptable if the hardn
ceed 26 HRC. These products should\be qualified by SSC testing in accordance with Clause
T test.

If tubulars and tubular components are cold-straightened at or below 510 °C (950 °F), they {
lieved at a minimum temperature of 480 °C (900 °F). If tubulars and tubular components are @
-nosed and/or box-expanded) and the resultant permanent outer fibre deformation is greater

bctions of highsstrength tubulars with hardnesses above 22 HRC are cold-formed, they sha
ress-relieved dt-a minimum temperature of 595 °C (1 100 °F).

old-formed regions shall "be thermally stress-relieved at a minimum temperature of 59%

n in

erly
ess
and
pher
with

erly
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Table A.3 — Environmental conditions for which grades of casing and tubing are acceptable

For all temperatures

For > 65 °C (150 °F)

For > 80 °C (175 °F)

For > 107 °C (225 °F)

ISO 119602 grades:

H40
J55
K55
M65
L80 type 1
C90 type 1
T95 type 1

ISO 119602 grades:

N80 type Q
C95

ISO 119602 grades:

N80
P110

1ISO 119602 grade:
Q125

Proprietary grades as
described in A.2.2.3.3

Proprietary Q & T grades
with 760 MPa (110 ksi) or
less maximum yield strength

Proprietary Q & T grades
with 965 MPa (140 ksi) or
less maximum yield strength

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

Low

Temperatures given are minimum allowable service temperatures with respect to SSEC:

separately.

temperature toughness (impact resistance) is not considered, equipment<users shall determine T

equirements

For the purposes of this provision, APl 5CT is equivalent to ISO 11960:2001.

Types 1 and 2 based on Q & T, Cr-Mo chemistry to 1 036 MPa (150 ksi).maximum yield strength. C-Mn steels are not

acceptable.

A2

Bolf

2.4 Bolting and fasteners

ng that can be exposed directly to a sour environment, or that is buried, insulated, equipped

with flange

protectors or otherwise denied direct atmospheric exposure, shall conform to the general requirements of
A2{1.
Dedigners and users should be aware that it can be necessary to lower equipment pressure ratings when
usirlg SSC-resistant bolting and fasteners. The use of SSC-resistant bolting and fasteners with API flanges
shall be in accordance with 1SO.-10423.
Table A.4 — Acceptable bolting materials
Bolts Nuts
ASTM A193 grade B7M
ASTM A320 grade L7M ASTM A194 grades 2HM, 7M
A.213"-Application to equipment
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.23.21

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 comply with this annex is the responsibility of the equipment user.
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A.2.3.2.2 Shear rams

Rams manufactured in quenched and tempered, Cr-Mo low-alloy steels (UNS G41XX0, formerly AISI 41XX,
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 Dirilling, well construction and well-servicing equipment exposed only to drilling fluids of
controlled composition

Given the high strength often needed, drilling equipment might not comply with ISO 15156 (all parts). Inrguch

cases, the primary means for avoiding SSC is control of the drilling or well-servicing environment. As.service

stresses arld material hardness increase, drilling-fluid control becomes increasingly important. Care-shall be

taken to coptrol the drilling environment by maintenance of drilling-fluid hydrostatic head and fluid densify to

minimize fofmation-fluid in-flow and by the use of one or more of the following:

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

b) use of themical sulfide scavengers;

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

A.2.3.3 Clompressors and pumps

A.2.3.3.1 [Compressor impellers

UNS G43200 (formerly AISI 4320) and a modified version oftUNS G43200 that contains 0,28 % mass fragtion

to 0,33 % mMmass fraction carbon are acceptable for compressor impellers at a maximum yield strength of

620 MPa (90 ksi) provided they have been heat-treated, in'accordance with the following three-step procedure.

a) Austenjtize and quench.

b) Temper at 620 °C (1 150 °F) minimum temperature, but below the lower critical temperature. Cogl to
ambiert temperature before the second temper.

c) Temper at 620 °C (1 150 °F) minimum, but lower than the first tempering temperature. Cool to amhient
temperature.

A.2.3.3.2 [Special provisions for compressors and pumps

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

Cast irons ip accaordance with A.2.4 are acceptable.
A.2.4 Requi u i
A.241 General

Grey, austenitic and white cast irons shall not be used for pressure-containing members. 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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ISO 15156

.4.2 Packers and subsurface equipment

The listed cast irons are acceptable for the following applications.

A2

Gre

conjpressor cylinders, liners, pistons and valves.

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

A.3[1 General
Thel steels listed in Clause A.2 are acceptable.
Thel| properties of steels typical of those that have been“shown to meet the requirements for {

throughout SSC region 2 are described below. Qualification according to Annex B shall be psg
stegls that do not comply with Clause A.2.

A.312 Downhole casing, tubing and tubular components

Cading, tubing and tubular components:made of Cr-Mo low-alloy steels (UNS G41XXO0, formerly

and

yield strength of acceptable steelsshas been no more than 760 MPa (110 ksi) [an SMYS of ap

550
acc

450
280

A4

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

Component Cast iron
Drillable packer components Ductile iron (ASTM A536, ASTM A571/A571M)
Malleable iron (ASTM A220, ASTM A602)
(‘nmlnrneeinn members Grny iran (AQTI\/I A48 ASTM A77R)

-2:2009(E)

4.3 Compressors and pumps

y cast iron (ASTM A278, Class 35 or 40) and ductile (nodular) cast iron (ASTMA395) are ac

modifications) have proven acceptable in the quenched and tempered condition. Typically

MPa (80 ksi)] and their hardness has been no more than 27 HRC. Other requirements
prdance with the applicable manufacturing specification.

L3 Pipeline steels

line steels require appropriate restricted chemistries to ensure good weldability. Typically, SM
MPa (65,ksi~have proven acceptable. Typically, fabrication and field weld hardness should

HV. Otherrequirements shall be in accordance with the applicable manufacturing specification.

ceptable as

our service
rformed for

AISI 41XX,
the actual
proximately
shall be in

Ss of up to
not exceed

.1 General

Steels listed in Clauses 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 comply with Clause A.2 or A.3.
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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 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

Plpellne St le raciira annranriata ractrintad chamictriac tn anciira annd wwaldahilifyy, Tvnically, SAMVYSo Af p to
T O O P P OP e E T oSt SIOE- CHOMSTHOSO-ORSure-gooeworaaom Yy procysovr o561
550 MPa (80 ksi) have proven acceptable. Typically, fabrication and field weld hardness should not.éxgeed

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

Thig
test

a)

b)

c)

Requirements

annex specifies requirements for qualifying carbon and low-alloy steels for H,S seryice b
ng. Requirements are given for qualifying resistance to the following cracking mechanisms.

SSC qualification by laboratory testing shall require one or more of the following:
— SSC testing in accordance with the materials manufacturing specification; see also A.2.1.

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

— testing for sour service in all SSC regions of Figure in accordance with Clause B.3.

test requirements listed above; see A.2.1.

SZC and SOHIC qualification shall require testing in accordance with Clause B.4 using
environmental conditions from those specified for SSC qualification.

HIC and SWC shall be qualified as-follows:
— in any service environment; see Clause B.5 and Table B.3;

— in specific sour sérvice applications; see Clause B.5 and Table B.3.

In dll cases, the equipment user shall ensure that the testing chosen is appropriate to the cond

inte

nded service(s) Fhe acceptance of the testing chosen shall be documented.

B.2 Uses of laboratory qualifications

anaral

laboratory

1;

— testing for SSC regions 1 or 2 of Figure 1 in accordance with Clause B.3 and Note g of Tgble B.1;

The qualification tests summarized demonstrate varying levels of resistance to SSC in sour efvironments.
Some carbon and low-alloy steels described or listed in Clause A.2 might not pass some of th

b laboratory

appropriate

tions of the

B.2H4

r\
I Iertierdal

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 Laboratory qualification to And/or Laboratory qualification to obtain listing
selected from ISO 15156-3:2009, equipment user's requirementsa in Annex A
Annex A or this part of ISO 15156,
Annex A
7 P \
Qualification of Qualification of
manufactured products defined production
(See B.2.2) route (See B.2.3)

\ J 1. Carry out and reportJaberatory
tests in accordance with the
requirements of 1IS615156-1

. 2. Submit a proposal for revision
Purchaser and supplier or amendment'of this part of
agree basis of Purchaser reviews ISO 15156 in‘accordance with
qualification and accepts supplier's ISO precedures®
Yles documented routing
qualification
Complete and document
qualification

Equipment user reviews and accepts
qualification for intended application(s)

Use alloy as qualified
Use plloy as listed (Consider submission for Annex A listing) If successful, alloy becomes listed

!

@  This parf of ISO 15156 addresses SSC, HIC, SOHIC and SZC of carbon and low-alloy steels. ISO 15156-3 addresses
SSC, SCC gnd galvanically induced hydrogen ‘stress cracking (GHSC) of corrosion-resistant alloys (CRAs) and ¢ther
alloys.

b Annex Al addresses SSC of carben.and low-alloy steels. 1ISO 15156-3:2009, Annex A, addresses SSC, SCC|and
GHSC of CRAs and other alloys.

€ See fina| paragraphs of “Intfeduction” for further information regarding document maintenance.

NOTE Flowchart omits‘qualification 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 part of ISO 15156 shall define the qualification requirements for the material in accordance
with ISO 15156-1 and this annex.

This definition shall include the application of the following:
a) general requirements; see 1ISO 15156-1:2009, Clause 5;
b) evaluation and definition of service conditions; see ISO 15156-1:2009, Clause 6;

c) material description and documentation; see ISO 15156-1:2009, 8.1;
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d) requirements for qualification based on laboratory testing; see ISO 15156-1:2009, 8.3;

e) report of the method of qualification; see ISO 15156-1:2009, Clause 9.

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).

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-
be i

be fested. These shall be taken from the same source as the failed specimen. If both satisfy the

crite

Tes
H,S

Bef

it s4
equ

B.2

A defined production route may be qualified for the produétion of qualified material.

A qguialified production route may be followed to avoid:order-release testing for H,S-cracking resista

A

purq

A quialified production route may be.used to produce qualified material for more than one materials

To

cap
Ann
The)

a)

b)

prorm

esting is permitted as follows. If a single specimen fails to satisfy the acceptance criteriathe
hvestigated. If the source material conforms to the manufacturing specification, two further-spe

ria, the test batch shall be considered qualified. Further retests shall require the purchaser’s ag

ting of manufactured products may be carried out at any time after manufaéture and before
service.

bre the products are placed in H,S service, the equipment user shallreview the qualification an

tisfies the defined qualification requirements. Products with a qualification that has been ve
pment user may be placed into H,S service.

L3 Qualification of a manufacturing source and route

aterials supplier may propose to a materials purchaser that a qualified production route

haser agree to its use.

qualify a production route, the material supplier shall demonstrate that a defined product
hble of consistently manufacturing material that satisfies the applicable qualification test reqy
ex B.

qualification of‘a production route requires all of the following:

definition” of the production route in a written quality plan that identifies the manufacturing log

initial testing of products produced on the defined production route in accordance with

manufacturing operations and the manufacturing controls required to maintain the qualification;

cause shall
cimens may
acceptance
reement.

exposure to

d verify that
ified by the

nce.

be used to

uce qualified materials. The qualified pteduction route may be used if the materials supplier and materials

user.

on route is
irements of

ation(s), all

B.2.2, with

d)

Am

The

veriication that they sallsty the acceptance Crieria,

Periodic testing to confirm that the product continues to have the required resistance to crac

king 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;

retaining and collating the reports of these tests and making them available to material purchasers and/or

equipment users.
aterial purchaser may agree additional quality control requirements with the manufacturer.

accuracy of the quality plan may be verified by site inspection by an interested party.
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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 1ISO 15156-1. They shall also
be subject to the following additional conditions and requirements.

— Laboratory testing for the evaluation of carbon and low-alloy steels for addition to Annex A is for use with
steels that do not comply with the general requirements described in A.2.1.

— Addition of a carbon or low-alloy steel to Clause A.2 requires the testing described in Table B.1 for all
SSC regions of Figure 1; see 7.2.

— Additio
the apq

— The stg

— Materia
in acca

— Sufficig

the su
accord

B.3 Test
Qualificatio

Unless othgq

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

temperatur
Annex B.

For materia
specificatio

n of a carbon or low-alloy steel to Clause A.3 or A.4 requires the testing described in Table B:
ropriate SSC region of Figure 1; see 7.2).

el being qualified by laboratory testing shall be selected in accordance with ISO 15156-1.

| representing a minimum of three separately processed heats shall be tested'for SSC resista
rdance with Clause B.3.

nt data shall be provided to allow the members of ISO/TC 67 to assess-the material and decid

tability of the material for inclusion into this part of ISO 15156, by amendment or revision
ance with the ISO/IEC Directives, Part 1.

procedures to evaluate the resistance of carbon and low-alloy steels to S
n shall be in accordance with Clause B.1 and, as appropriate, Table B.1.

rwise indicated, test requirements shall be in agcordance with NACE TM0177.

s, reference may be made to the guidance on test environments given in ISO 15156-3:2

Is testing to a materials manufacturing specification, reference should be made to the approp
N, and to Clauses A.1 and B.1)

for

nce

SC

hted
D09,

iate
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Table B.1 — SSC laboratory testing for sour service

Quallflc_at;on Teztbi App"ec‘f', Environment H,S partial Acceptance criteria Remarks
validity' type stress pressure
uT Specific application
No SSC cracks in or less sevetre
FPBI o . accordance with environments.
Specif or >90%AYS 15 o'/:] néalssofrjcc;’}lon NACE TMO177 Region qualification
peciic aCl+0,4 % : assessment method ;
application, CR mass fraction f\opi% rt% pr)]rcljaetg SUbJ‘?Ct to ade’(,qguate
or CH3COONa, one coverage
. A . application
SS’E TegionT prradustet o or SSC | Assessment shall be in
or fiegion 2 of required value region accordance with Use-as)fualification
figure 1 Not using HCl or NACE TM0177. af eglipment user’s
DCBh applicable NaOH® Acceptance criteria _|." discretipn and with
PP shall be by docymented
documented just|fication
agreementk,
uT No SSC cracks in
FPBI o accordance with -
o |ZBORAYS NACE NACE TM0177
CR TMO0177-05 100 kPa assessment method
Environment A W
NI SSC (5% mass (15 psi) in X
rdgions of o accordancé. |YAssessment shalll be in . .
- fraction NaCl + ; accordance with Use as fualification
frigure 1 0509 with NACE : :
Not 5% mass TMON77 NACE TMO0177. at equipment user’'s
DCBM applicable fraction Acceptance criteria | discretipn and with
PP CH3;COOH) shall be by documented
documented justlfication
agreementk.

@ | The test types are as follows:

— UT test in accordance with NACE TM0177-05xMethod A;

— FPB test in accordance with EFC Publication 16, Appendix 2;
— CRtest in accordance with NACE TMO0177-05, Method C;

— DCB test in accordance with NACE TM0177-05, Method D;

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

b |FPB, CR or UT tests are preferred for the qualification of welding and joining procedures; see 7.3 and 7.4. For we|ded samples,
spegimens shall normally be taken transverse to welds; testing shall be based on the actual yield strength of the lowest|yield strength
pargnt metal; side 4-point'bend testing may be used, subject to the agreement of the equipment user. For details of side bend tests, see
NACE publication Corrosion 2000 Paper 128.

C | For applicatiofis=where a low service stress level, as a proportion of yield strength, is guaranteed, the test stress may pe reduced to

the Imaximum, ‘service stress. In such cases, the tests and acceptance criteria shall be agreed with the equipment user. Such
agrgements shall be documented.

d | AYS.indicates the actual yield strength of material in finished form at the test temperature. The AYS shall be as flefined in the
proquetspecification or the 0,2 % proof stress (RpO.Z) determined as the “non-proportional elongation” in accordance with ISO 6892-1.

€ For SSC tests with pH control, the pH value during tests should be less than or equal to the required value. Control to within a
range of 0,1 pH units is achievable in practice.

f SeeISO 15156-1:2009, Clause 5, for more information regarding designs utilizing plastic design criteria.

9  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 support designs based
on fracture mechanics.

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

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

k' See I1SO 11960 for information on tubing and casing grades C90 and T95.
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Table B.2 — Test conditions

B.4 Test

SOHIC and SZC

B.4.1 Gern

The test me
SZC.

Materials g
SOHIC/SZ(

When evall
The validity
Test metho|

The equipni
documente

B.4.2 Small-scale tests

B.421 S
The test sa
test specim
undergo SS

For small-s

Required H,S partial pressures for tests
pH kPa
Set of conditions for Set of conditions for
SSC region 1 SSC region 2

3,5 — 1

4,0 0,3 _

45 1 10

5,5 10 100

6,5 100 —

procedures to evaluate the resistance of carbon and low-alloy steels to

eral

hall have been qualified with respect to SSC resistance for the design conditions prio
evaluation.

ating welds, 7.3.3 shall also apply.
of the test results for conditions other thanthose evaluated is defined in ISO 15156-1.
s described for SOHIC and SZC are.not standardized. Alternative tests are under developn

ent user may choose other tests at his discretion. The justification of the use of such tests sha
.

pecimen selection

mples used te)determine susceptibility to SOHIC/SZC shall be the apparently unfailed UT or
ens taken from successful SSC qualification testing. Steels selected using Clause A.2 shall
C testingraccording to Clause B.1 prior to the SOHIC/SZC evaluation.

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

thods described in this annex have been used successfully to,démonstrate sensitivity to SOHILC or

r to

ent.
| be

FPB
also

B.4.2.2 Evaluation and acceptance criteria for UT test specimens

One of the 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.

32
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2.3 Evaluation and acceptance criteria for FPB test specimens
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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 cracks

rela

ed to SOHIC or to the soft zones of a weld (SZC). No ladder-like HIC features nor cracks

xceeding a

leng
To

dire
mai
Dan

ord
SO

B.4
Full

NOT
cons

B.§

th of 0,5 mm in the through thickness direction are allowed.

bssist the detection of damage, specimens may be plastically deformed by 5 % in the|previg
ction prior to metallographic sectioning. Prior to deformation, the specimens shall be ‘heated to
htained at that temperature for 2 h to remove absorbed hydrogen.

nage developed on the tensile side of a specimen in the form of blisters lessithan 1 mm below

n the compression side regardless of the depth of the blister, may be disregarded for the ass
HIC/SZC but shall be reported.

L3 Full pipe ring tests
pipe ring tests may be used. The document HSE OTI-95-635\describes a test and acceptance

E Residual stress has been shown to play an important role in the initiation of SOHIC and SZC. It
idered that such stresses in field situations are better représénted in large-scale specimens.

and low-alloy steels to HIC/SWC

Test procedures and acceptance critefiayshall be in accordance with Table B.3.

Tes

ling shall be performed at ambient temperature [25 °C £ 3 °C (77 °F £ 5 °F)].

Unlgss otherwise indicated;.test requirements shall be in accordance with NACE TM0284.

us bending
150 °C and

the surface,

essment of

criteria.

s sometimes

Test procedures and acceptance criteria to evaluate the resistance of carbon
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Table B.3 — HIC/SWC test procedure and acceptance criteria

Product Applied Environment H,S partial Accgpt_anece Qualification validity
type stress pressure criteria
NACE TMO0177-05
Environment A CLR<15%
(5 % mass fraction 100 kPa (15 psi)°© CTR<5% Any sour service
NaCl + 0,5 % mass CSR<2%
Flat-rolled ) fraction CH3COOH)°
teel thei No applied
steels or aglr stress 5 % mass fraction
products NaCl + 0 4 % mass APPTOPTETETo
fradﬁlg:‘:g dO%Na, intended No cracking9 Szzs/';'fe' guefs 5
requ)Jired Jvalue using application® g
HCI or NaOH¢

a

b

¢ Theuse

d
the standard

the selection

Qualificafion of seamless tubular products may also be appropriate, see Clause 8.

The sanjples being taken to represent the general performance of an order should be agreed betwegn the producer and
equipment user. The sampling of materials for testing shall comply with ISO 15156-1.

Applicatipn-specific tests of steel for new or existing installations may be carried out. In such ¢ases, tests of a duration longer
confidence in|the results obtained.

€ At the refuest of the equipment user, ultrasonic evaluation of coupons may be usedto‘find and evaluate areas of cracking pri

agreed betwegn the supplier and the equipment user. Such agreements shall be documented.
f See ISO|15156-1:2009, Clause 5, for further information regarding designs utilizing plastic design criteria.

9 Other acfeptance criteria may be used subject to the documented approval of the equipment user.

1lis responsible for deciding whether this test environment is adequate to represent the severity of the intended applicat

96 h (see NACE TM0284) may be applied at the equipment user’s discretion. Such'tests may be required to imp

of locations for metallurgical sectioning. See also EFC Publication 163 Section B7. Other acceptance criteria ma

—-~

he

han

fove

br to
be
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Annex C
(informative)

Determination of H,S partial pressure

Calculation of partial pressure of H,S for systems with a gas phase

The)
mul

whdg

For
part

If th
usin

C.3 Calculations of effective HS-partial pressure for gas-free liquid systems

For
of H

a)

NOT1
is th

b)

c)

partial pressure of H,S, PH,s: expressed in megapascals (pounds per square inch), may be ¢
iplying the system total pressure by the mole fraction of H,S in the gas phase as given/in, Equg

XH,S
100

PH,s = DX

re
P is the system total absolute pressure, expressed in megapascals (pounds per square in
XH,S is the mole fraction of H,S in the gas, expressed as a/péercentage.

example, in a 70 MPa (10 153 psi) gas system, where the-mole fraction of H,S in the gas is 10
al pressure is 7 MPa (1 015 psi).

e system total pressure and concentration of H,Srare known, H,S partial pressures can also b
g Figure C.1.

blculated by
tion (C.1):

(C.1)

ch);

%, the H,S

e estimated

liquid systems (for which no equilibrium gas composition is available), the effective thermodynamic activity

»S is defined by a virtual partial’ pressure of H,S that may be determined in the following way.
Determine the bubble-point pressure, pg, of the fluid at operating temperature by any suitable

E For a liquidfull pipeline downstream of gas separation units, a good approximation for bubble-p
b total pressure of the last gas separator.

Determine,the mole fraction of H,S in the gas phase at bubble-point conditions by any suitablg

Calculate the partial pressure of H,S, PH,S: expressed in megapascals (pounds per square

method.

bint pressure

method.

nch), in the

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

= XH,S
PH,s = PB 100
where
PB is the bubble-point pressure, expressed in megapascals (pounds per square inch);

XH,S is the mole fraction of H,S in the gas, expressed as a percentage.
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(C.2)
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