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Foreword

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

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
The main task of technical committees is to prepare International Standards. Draft International Standards
adopted by the technical committees are circulated to the member bodies for voting. Publication as an

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

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. 1ISO shall not be held responsible for identifying any or all such patent rights.

ISO 10423 was prepared by Technical Committee ISO/TC 67, Materials, equipment and offshore structures
for petroleum, petrochemical and natural gas industries, Subcommittee SC 4, Drilling and production
equipment.

This fourth edition cancels and replaces the third edition (ISO 10423:2003), which has been technically
revised.

Vi © 1SO 2009 - All rights reserved
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Introduction

This International Standard, which has been technically revised, is based on API Spec 6A, nineteenth edition,
July 2004 and its addendums and errata, and APl Spec 6AV1, first edition, February 1996 and its errata, with
the intent that the twentieth edition of APl Spec 6A will be identical to this International Standard.

The International System of units (SlI) is used in this International Standard. However, nominal sizes are
shown as fractions in the inch system.

The fractions and their decimal equivalents are equal and interchangeable. Metric conversions and inch
dimensions in this International Standard are based on the original fractional inch designs. Functional
dimensions have been converted into the metric system to ensure interchangeability of products
manufactured in metric or inch systems; see also Annex B.

Tables referenced in the main body of this International Standard that are marked with an asterisk (*) are
repeated in Annex B in US Customary (USC) units with the same table number as in the main body but with
the prefix B. In figures where dimensions are given only in inches, the values of surface roughness have been
indicated in accordance with US draughting conventions.

It is necessary that users of this International Standard be aware that further or differing requirements can be
needed for individual applications. This International Standard is not intended to inhibit a vendor from offering,
or the purchaser from accepting, alternative equipment or engineering solutions for the individual application.
This can be particularly applicable where there is innovative or developing technology. Where an alternative is
offered, it is the responsibility of the vendor to identify any variations from this International Standard and
provide details.

© ISO 2009 — All rights reserved vii






INTERNATIONAL STANDARD ISO 10423:2009(E)

Petroleum and natural gas industries — Drilling and production
equipment — Wellhead and christmas tree equipment

1 Scope

1.1 Purpose

This International Standard specifies requirements and gives recommendations for the performance,
dimensional and functional interchangeability, design, materials, testing, inspection, welding, marking,
handling, storing, shipment, purchasing, repair and remanufacture of wellhead and christmas tree equipment
for use in the petroleum and natural gas industries.

This International Standard does not apply to field use, field testing or field repair of wellhead and christmas
tree equipment.

1.2 Applicability
This International Standard is applicable to the following specific equipment:
a) wellhead equipment:

— casing-head housings,

— casing-head spools,

— tubing-head spools,

—  Cross-over spools,

— multi-stage head housings and spools;
b) connectors and fittings:

— cross-over connectors,

— tubing-head adapters,

— top connectors,

— tees and crosses,

— fluid-sampling devices,

— adapter and spacer spools;
c) casing and tubing hangers:

— mandrel hangers,

— slip hangers;

© 1SO 2009 - All rights reserved 1
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d) valves and chokes:
— single valves,
— multiple valves,
— actuated valves,
— valves prepared for actuators,
— check valves,
— chokes,
— surface and underwater safety valves and actuators,
— back-pressure valves;
e) loose connectors [flanged, threaded, other end connectors (OEC), and welded]:
— weld neck connectors,
— blind connectors,
— threaded connectors,
— adapter and spacer connectors,
— bullplugs,
— valve-removal plugs;
f)  other equipment:
— actuators,
— clamp hubs,
— pressure boundary penetrations,
— ring gaskets,
— running and testing tools (see Annex H),
— wear bushings (see Annex H).
The nomenclature used in this International Standard for typical equipment is shown in Figures 1 and 2. All

parts whose physical dimensions conform to the metric tables incorporated into the body of this International
Standard or to the tables in USC units in Annex B are acceptable; see Introduction.

1.3 Service conditions

This International Standard defines service conditions, in terms of pressure, temperature and material class
for the well-bore constituents, and operating conditions.

2 © 1SO 2009 - All rights reserved
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1.4 Product specification levels

This International Standard establishes requirements for five product specification levels (PSLs): PSL 1, 2, 3,
3G and 4. These five PSL designations define different levels of technical quality requirements. Annex A
provides guidelines (not requirements) for selecting an acceptable PSL.
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1 5 A r(
16 —
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N 1 N ~N——19
Key
1 back-pressure valve preparation 12 double-studded adapter
2 subsurface safety valve control line 13 annular casing pack-off
3 subsurface safety valve control line outlet 14 casing hanger (slip style)
4 tubing-head adapter 15 threaded outlet connection
5 lock screw 16 bullplug
6 tubing hanger pack-off 17 casing-head housing
7 extended neck tubing hanger with subsurface safety valve control line 18 surface casing
8 studded side outlet 19 wellhead support plate
9 valve-removal preparation 20 tubing pack-off retainer
10 bottom casing pack-off 21 tubing hanger (slip style)
11 tubing-head spool 22 tubing

Figure 1 — Typical wellhead assembly nomenclature (continued)
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23
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23 studded side-outlet connection
24 extended neck tubing hanger seal
25 annular tubing hanger seal

26 tubing hanger mandrel

27 flanged outlet connection

28 casing hanger mandrel

29
30
31
32
33
34

U, /4
33
— 27
|
isil7 \II\ 7 lisi
@S 1
r— —
Q | |
o | N
EN
= 22
casing-head spool
inner casing
intermediate casing

flanged end connection
tubing hanger mandrel seals
wrap-around hanger pack-off

Figure 1 — Typical wellhead assembly nomenclature
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gauge valve

bonnet nut

blanking plug

body

top connector

swab or crown valve

N o o W N -

tee

© 1SO 2009 - All rights reserved
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8 wing valve (manual or actuated)
9 choke

10 surface safety valve

11 actuator

12 master valve

13 tubing-head adapter

Figure 2 — Typical christmas tree nomenclature

ISO 10423:2009(E)



ISO 10423:2009(E)

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

ISO 31-0, Quantities and units — Part 0: General principles

ISO 148 (all parts), Metallic materials — Charpy pendulum impact test

ISO 2859-1:1999, Sampling procedures for inspection by attributes — Part 1: Sampling schemes indexed by
acceptance quality limit (AQL) for lot-by-lot inspection

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

ISO 6507 (all parts), Metallic materials — Vickers hardness test

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

ISO 6892-1, Metallic materials — Tensile testing — Part 1: Method of test at room temperature
ISO 9712, Non-destructive testing — Qualification and certification of personnel

ISO 10414-1, Petroleum and natural gas industries — Field testing of drilling fluids — Part 1: Water-based
fluids

ISO 10424-1:2004, Petroleum and natural gas industries — Rotary drilling equipment — Part 1: Rotary drill
stem elements

ISO 11960, Petroleum and natural gas industries — Steel pipes for use as casing or tubing for wells

ISO 13533, Petroleum and natural gas industries — Drilling and production equipment — Dirill-through
equipment

ISO 13628-4, Petroleum and natural gas industries — Design and operation of subsea production systems —
Part 4: Subsea wellhead and tree equipment

ISO 13678, Petroleum and natural gas industries — Evaluation and testing of thread compounds for use with
casing, tubing, line pipe and drill stem elements

ISO 15156 (all parts), Petroleum and natural gas industries — Materials for use in H2S-containing
environments in oil and gas production

NOTE In this International Standard, ISO 15156 (all parts) and NACE MR0175 provide the same technical result for a
particular provision. In the running text the provision is written in the form “ISO 15156 (NACE MRO0175; see Clause 2)".

ISO 18265, Metallic materials — Conversion of hardness values

API") Spec 5B, Specification for Threading, Gauging and Thread Inspection of Casing, Tubing, and Line Pipe
Threads

API Spec 6AV1, Specification for Verification Test of Wellhead Surface Safety Valves and Underwater Safety
Valves for Offshore Service

API Spec 7:2001, Specification for Rotary Drill Stem Elements

1) American Petroleum Institute, 1220 L Street North West, Washington, DC 20005, USA.

6 © 1SO 2009 — All rights reserved
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API RP 14F, Design, Installation, and Maintenance of Electrical Systems for Fixed and Floating Offshore
Petroleum Facilities for Unclassified and Class 1, Division 1 and Division 2 Locations

ASME2) B1.1, Unified Inch Screw Threads (UN and UNR Thread Form)
ASME B1.2, Gages and Gaging for Unified Inch Screw Threads

ASME B1.3, Screw Thread Gaging Systems for Acceptability: Inch and Metric Screw Threads (UN, UNR, UNJ,
M, and MJ)

ASME B1.5, ACME Screw Threads
ASME B1.20.1, Pipe Threads, General Purpose (Inch)

ASME Boiler and Pressure Vessel Code:2004 with 2005 and 2006 addenda, Section V, Nondestructive
Examination

ASME Boiler and Pressure Vessel Code:2004 with 2005 and 2006 addenda, Section VI, Division 1, Rules for
Construction of Pressure Vessels

ASME Boiler and Pressure Vessel Code:2004 with 2005 and 2006 addenda, Section VIII, Division 2,
Alternative Rules

ASME Boiler and Pressure Vessel Code:2004 with 2005 and 2006 addenda, Section IX, Welding and Brazing
Qualifications

ASNT3) SNT-TC-1A, Non-Destructive Testing

ASTM 4) A193/A193M, Standard Specification for Alloy-Steel and Stainless Steel Bolting Materials for
High Temperature or High Pressure Service and Other Special Purpose Applications

ASTM A194/A194M, Standard Specification for Carbon and Alloy Steel Nuts for Bolts for High Pressure or
High Temperature Service, or Both

ASTM A320/A320M, Standard Specification for Alloy-Steel and Stainless Steel Bolting Materials for Low-
Temperature Service

ASTM A370, Standard Test Methods and Definitions for Mechanical Testing of Steel Products
ASTM A388/A388M, Standard Practice for Ultrasonic Examination of Heavy Steel Forgings

ASTM A453/A453M, Standard Specification for High-Temperature Bolting Materials, with Expansion
Coefficients Comparable to Austenitic Stainless Steels

ASTM A703/A703M-08a, Standard Specification for Steel Castings, General Requirements, for Pressure-
Containing Parts

ASTM D395, Standard Test Methods for Rubber Property — Compression Set
ASTM D412, Standard Test Methods for Vulcanized Rubber and Thermoplastic Elastomers — Tension
ASTM D471, Standard Test Method for Rubber Property — Effect of Liquids

ASTM D1414, Standard Test Methods for Rubber O-Rings

2) ASME International, 345 East 47th Street, New York, NY 10017-2392, USA.
3) American Society for Nondestructive Testing, 4153 Arlingate Plaza, Columbus, OH 43228-0518, USA.
4) American Society for Testing and Materials, 100 Barr Harbor Drive, West Conshohoken, PA 19428-2959, USA.
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ASTM D1415, Standard Test Method for Rubber Property — International Hardness
ASTM D1418, Standard Practice for Rubber and Rubber Latices — Nomenclature
ASTM D2240, Standard Test Method for Rubber Property — Durometer Hardness
ASTM E10, Standard Test Method for Brinell Hardness of Metallic Materials

ASTM E18, Standard Test Methods for Rockwell Hardness of Metallic Materials
ASTM E92, Standard Test Method for Vickers Hardness of Metallic Materials

ASTM E94, Standard Guide for Radiographic Examination

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

ASTM E165, Standard Practice for Liquid Penetrant Examination for General Industry

ASTM E428, Standard Practice for Fabrication and Control of Metal, Other than Aluminum, Reference Blocks
Used in Ultrasonic Testing

ASTM E709, Standard Guide for Magnetic Particle Testing

ASTM E747, Standard Practice for Design, Manufacture and Material Grouping Classification of Wire Image
Quality Indicators (IQI) Used for Radiology

EN®) 473, Non-destructive testing — Qualification and certification of NDT personnel — General principles

MSS 6) SP-55, Quality Standard for Steel Castings for Valves, Flanges and Fittings and Other Piping
Components — Visual Method for Evaluation of Surface Irregularities

SAE7) AMS-H-6875, Heat treatment of steel raw materials

SAE AS 568A:1974, Aerospace size standard for O-rings

3 Terms, definitions and abbreviated terms
3.1 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

3141
acceptance criteria
defined limits placed on characteristics of materials, products or services

3.1.2
accessible wetted surface
wetted surface for purposes of non-destructive examination that can be viewed by direct line of sight

NOTE This excludes test ports, control line ports, lockdown screw holes and other penetrations of these types.

5) European Committee for Standardization, rue de Stassart 36, Brussels B-1050, Belgium.
6) Manufacturers Standardization Society of the Valve & Fittings Industry, 127 Park Street, N.E., Vienna, VA 22180, USA.
7) SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, USA.

8 © 1SO 2009 — All rights reserved
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313
actuator
mechanism for the remote or automatic operation of a valve or choke

314

adapter

pressure-containing piece of equipment having end connections of different nominal sizes and/or pressure
ratings, used to connect other pieces of equipment of different nominal sizes and/or pressure ratings

3.1.5

annular pack-off

mechanism that seals off annular pressure between the outside diameter of a suspended tubular member or
hanger and the inside diameter of the head or spool through which the tubular member passes or hanger is
suspended

3.1.6
as-shipped condition
condition of the product or equipment when it is ready for shipment

317

back-pressure valve

unidirectional or bidirectional check valve that is installed through the christmas tree, into the tubing hanger,
and prevents well fluids from flowing out of the well

3.1.8
blind flange
flange with no centre bore, used to close off completely a flanged end or outlet connection

3.1.9

body

any portion of wellhead and christmas tree equipment between end connections, with or without internal parts,
which contains well-bore pressure

3.1.10
bonnet
pressure-containing closure for a body, other than an end or outlet connection

3.1.11

bottom casing pack-off

mechanism that seals off annular pressure between the outside diameter of a suspended tubular member or
hanger and the inside diameter of the spool or tubing-head adapter placed over the suspended tubular or
hanger

3.1.12

bullplug

pressure-containing closure for a female-threaded end or outlet connection, which may have an internal
counter-bore and/or test port

3.1.13
calibration
comparison and adjustment to a standard of known accuracy

3.1.14

carbon steel

alloy of carbon and iron containing a maximum of 2 % mass fraction carbon, 1,65 % mass fraction manganese,
and residual quantities of other elements, except those intentionally added in specific quantities for
deoxidation (usually silicon and/or aluminium)

© 1SO 2009 - All rights reserved 9
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3.1.15
casing
pipe run from the surface and intended to line the walls of a drilled hole

3.1.16

casing hanger mandrel

mechanism used to support a casing string in a casing head by means of a male or female thread attached to the
casing

3.1.17

casing-head housing

equipment attached to the uppermost end of the surface casing, which serves to suspend and seal a casing
string

3.1.18
casing-head spool
equipment attached to another casing head, which serves to suspend and seal a secondary casing string

3.1.19
casting, noun
object at or near finished shape obtained by solidification of a fluid substance in a mould

NOTE HIP components are not considered to be a casting.

3.1.20

certificate of compliance

document containing the statement by the manufacturer, or repairer/remanufacturer certifying that the
equipment, repair, rework or remanufacture meets the requirements of this International Standard

3.1.21

certificate of conformance

document certifying that the repaired/remanufactured equipment and all of its component parts meet the
requirements of the original product definition

3.1.22

check valve

valve that permits fluid to flow freely in one direction and contains a mechanism to automatically prevent flow
in the other direction

3.1.23
chemical analysis
determination of the chemical composition of material

3.1.24
choke
equipment used to restrict and control the flow of fluids

3.1.25

choke bean

flow bean

replaceable orifice part used in positive chokes to control flow rate

3.1.26
choke trim
pressure-controlling choke component, including choke beans, used to control or regulate the flow of fluids

3.1.27

christmas tree

assembly of equipment, including tubing-head adapters, valves, tees, crosses, top connectors and chokes
attached to the uppermost connection of the tubing head, used to control well production
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3.1.28

clamp hub

protruding rim with an external angled shoulder and a sealing mechanism used to join pressure-containing
equipment

3.1.29
closure bolting
threaded fastener used to assemble well-bore pressure-containing parts or join end or outlet connections

EXAMPLES Studs, nuts, bolts and capscrews.

3.1.30
conformance
compliance with specified requirements

3.1.31

corrosion-resistant alloy

CRA

nonferrous-based alloy in which any one or the sum of the specified amount of the elements titanium, nickel,
cobalt, chromium, and molybdenum exceeds 50 % mass fraction

NOTE This definition is different from that in ISO 15156 (NACE MR0175; see Clause 2).

3.1.32
corrosion-resistant ring groove
ring groove lined with a CRA or an austenitic stainless steel to resist metal-loss corrosion

3.1.33
cross
pressure-containing fitting with a minimum of four openings

3.1.34

cross-over connector

adapter with a restricted-area sealing means and with a top-connection pressure rating above that of the lower
connection

3.1.35

cross-over flange

double- or single-studded adapter flange with a restricted-area sealing means and with a top-connection
pressure rating above that of the lower connection

3.1.36

cross-over spool

flanged or other connected equipment with a restricted-area sealing means, at or near the face of its lower
flange

NOTE Cross-over spools are also provided with suitable means to suspend and seal around an inner string of casing
or tubing. A cross-over spool has a top connection with a pressure rating above that of the lower connection.

3.1.37
date of manufacture
date of manufacturer's final acceptance of finished equipment

3.1.38

date of repair/remanufacture
date of repairer/remanufacturer's final acceptance of finished equipment
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3.1.39

end connection

outlet connection

integral male or female thread; clamp hub end connector and flange, studded or through-bolted, or any other
means used to join together equipment that contains or controls pressure

3.1.40
equipment
any item or assembled equipment to which this International Standard is applicable

3.1.41

equivalent round

ER

standard for comparing various shaped sections to round bars, in determining the response to hardening
characteristics when heat-treating low-alloy and martensitic corrosion-resistant steel

3.1.42

exposed bolting

bolting that is exposed directly to the sour environment or that is buried, insulated, equipped with flange
protectors, or otherwise denied direct atmospheric exposure

3.1.43
fabrication weld
weld joining two or more parts

3.1.44
fit
geometric relationship between parts

3.1.45

flange

protruding rim with holes to accept bolts and having a sealing mechanism used to join pressure-containing
equipment, with dimensions specified in this International Standard

3.1.46
forge, verb
deform metal plastically into desired shapes with compressive force

NOTE Forging is usually a hot process. The use of dies is optional.

3.1.47
forging, noun
shaped metal part formed by the forging method

3.1.48
form
essential shape of a product including all its component parts

3.1.49
full-bore valve
valve whose closure mechanism has a bore dimension the same as or larger than the valve body

3.1.50
function
operation of a product during service

3.1.51

gate valve
valve assembly with a gate operating within the body, 90° to the conduit, to effect a closure
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3.1.52

hanger mandrel

portion of a casing or tubing hanger that is attached by a threaded connection to the tubular string and forms
the upper end of that tubular string

3.1.53

heat

material originating from a final melt, or for remelted alloys, the raw material originating from a single remelted
ingot

3.1.54

heat-treat lot

(batch furnaces) material placed on loading or carry devices and moved as a batch through one heat treat
cycle

3.1.55

heat-treat lot

(continuous furnaces) group of pieces of material with the same nominal size that is moved sequentially
through the heat treatment process using the same process parameters

3.1.56

heat treatment

heat treating

specified, timed sequence of controlled heating and cooling of materials for the purpose of changing physical
or mechanical properties

3.1.57

heat-affected zone

HAZ

portion of the base metal that has not been melted, but whose mechanical properties or microstructure has
been altered by the heat of welding or cutting

3.1.58

heat-sensitive lock-open device

device installed on a surface safety valve (SSV) actuator to maintain the SSV valve in a full open position until
exposed to sufficient heat to cause the device to release and allow the SSV valve to close

3.1.59
hold period
period of time that the product is subjected to pressure and isolated from the pressure source

3.1.60

hot isostatic pressing

HIP

special forming process used to compact and metallurgically bond metal powder

NOTE This process takes place within a flexible, metal container whose contents are formed into the desired shape
by subjecting the container to high temperature and pressure in an autoclave. It produces a fully wrought structure.

3.1.61
hot-work
deform metal plastically at a temperature above the recrystallization temperature

3.1.62
job-lot traceability
ability to trace parts as originating from a job lot that identifies the included heat(s)

3.1.63

linear indication
surface NDE indication whose length is equal to or greater than three times its width
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3.1.64

lock screw

tie-down screw

threaded pin extending through the wall of a casing-head or tubing-head connection used to lock down
hangers or energize seals

3.1.65

loose connector

connector, as-manufactured, that is not intended to be made integral with another piece of wellhead and
christmas tree equipment

EXAMPLES There are blind, threaded, spacer, welding neck, flanged, studded, or other loose connectors.

3.1.66

loose flange

flange, as-manufactured, that is not intended to be made integral with equipment compliant to this
International Standard

EXAMPLES Types of flanges include blind, threaded, spacer, welding neck, studded or other connected adapter
flanges.

3.1.67

low-alloy steel

steel containing less than 5 % mass fraction total alloying elements, or steels with less than 11 % mass
fraction chromium, but more than that specified for carbon steel

3.1.68
make-and-break, verb
connect and disconnect a connection

3.1.69

manufacturing operation

activity involving, but not limited to, the machining, welding, heat treating or other processes utilized to
produce a finished product

3.1.70
master valve
lowermost valve on the vertical bore of the christmas tree

NOTE Upper master valves and lower master valves are in general use. Upper master valves are sometimes
called surface safety valves.

3.1.71

material performance

capabilities that it is necessary to demonstrate, as a minimum, for material to satisfy the criteria of this
International Standard

3.1.72

multistage cross-over spool

flanged or other connected equipment with more than one restricted-area sealing means to provide suitable
capability to suspend and seal around multiple inner strings of casing or tubing at several stages

NOTE A multistage cross-over spool may have a top connector with a pressure rating above that of the lower
connector.

3.1.73

non-exposed bolting

bolting that is not directly exposed to sour environments and is not intended to be buried, insulated, equipped
with flange protectors, or otherwise denied direct atmospheric exposure

14 © 1SO 2009 — All rights reserved



ISO 10423:2009(E)

3.1.74
non-pressure-containing weld
weld whose absence does not reduce the pressure-containing integrity of the part

3.1.75

objective evidence

documented field experience, test data, publications, finite element analysis or calculations that confirm
performance characteristics, as applicable

3.1.76

original product definition

complete definition of the requirements for the original assembled equipment, single equipment unit, or
component part, including specified limits and tolerances, health, safety and environmental requirements,
limitations of use, customer specific requirements, design acceptance criteria, materials of construction,
materials processing requirements and physical properties, physical dimensions, and requirements for
manufacturing process controls, inspection, assembly and testing, marking, handling, storage, maintenance,
and records requirements

3.1.77
part
individual piece used in the assembly of single equipment units

EXAMPLES Body, bonnet, gate, stud, handwheel, etc., are parts of a valve. A part may also be a piece not in finished
form.

3.1.78

plug valve

valve assembly with a plug permanently mounted across the conduit so that, when rotated 90°, it effects a
closure

EXAMPLES Plugs may be straight, tapered, ball, etc.

3.1.79
post-weld heat treatment
any heat treatment subsequent to welding, including stress relief

3.1.80
pressure integrity
structural and leak-resistant capability of a product to contain applied pressure

3.1.81

pressure-boundary penetration

device that penetrates directly into or communicates with the well-bore and is not defined elsewhere in this
International Standard

EXAMPLES Grease or sealant injection fitting; check valve; control, test or gauge port plug and fitting, needle valve
on test, gauge or injection port; electric and control line penetration.

3.1.82
pressure-containing part
part whose failure to function as intended results in a release of retained fluid to the atmosphere

EXAMPLES Bodies, bonnets, one-piece stems, and that segment of multi-piece stems that passes through the
pressure boundary, are pressure-containing parts.

3.1.83

pressure-containing weld
weld whose absence reduces the pressure-containing integrity of the part
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3.1.84
pressure-controlling part
part intended to control or regulate the movement of pressurized fluids

EXAMPLES Valve-bore sealing mechanisms, choke trim and hangers.

3.1.85
primary equipment
pieces of equipment that cannot normally be isolated from well fluid or well pressure

3.1.86

prolongation

extension of a piece of raw material or an extension of a production part made integrally during forging, hot
working, cold working or casting

3.1.87
proration bean
type of positive choke bean of fixed length used to regulate the flow of fluid from a well

NOTE Proration is a system of allocating the amount of oil or gas a well or field is allowed to produce within a given
period by a regulatory agency.

3.1.88

qualified personnel

individual with characteristics or abilities gained through training, experience, or both, as measured against
the established requirements of the manufacturer/purchaser/this International Standard

3.1.89
rated working pressure
maximum internal pressure that the equipment is designed to contain and/or control

3.1.90
record, noun
retrievable information

3.1.91

reduced-opening valve

valve with either a regular or Venturi-type opening, either circular or non-circular, through the closure
mechanism

3.1.92
relevant indication
surface-rupture NDE indication with major dimensions greater than 1,6 mm (1/16 in)

NOTE Inherent indications not associated with a surface rupture are considered non-relevant.
3.1.93
remanufacture

activity involving disassembly, reassembly and testing of wellhead and christmas tree equipment, with or
without the replacement of parts other than bodies, where machining, welding, heat treating or other
manufacturing operations are employed

NOTE Remanufacture does not include the replacement of bodies.

3.1.94

repair

activity involving disassembly, reassembly and testing of wellhead and christmas tree equipment with or
without the replacement of parts other than bodies

NOTE Repair does not include machining, welding, heat treating, other manufacturing operations or the replacement
of bodies.
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3.1.95
repair level
level to which equipment will be repaired or remanufactured in compliance with this International Standard

3.1.96

repairer/remanufacturer

principal agent in the repair and remanufacture of wellhead and christmas tree equipment who chooses to be
in compliance with this International Standard

3.1.97

replacement part

part used to repair/remanufacture a piece of equipment that meets the wellhead and christmas tree
requirement for the applicable repair/remanufacture level

3.1.98

restricted-area sealing means

restricted-area pack-off

pack-off or other device used to isolate an area at higher pressure from one at lower pressure

NOTE This device serves to limit pressure-induced loads on connectors or areas of a lower pressure rating. It may
also be a seal that encloses a pressure-containment area smaller than the adjacent ring gasket or connector seal.

3.1.99
retained fluid
actual fluid produced by a well or injected into a well

3.1.100
room temperature
any temperature between 4 °C and 50 °C (40 °F and 120 °F)

3.1.101
rounded indication
surface NDE indication that is circular or elliptical, having a length less than 3 times its width

3.1.102
running tool
tool used to run, retrieve, position or connect wellhead equipment remotely from the drill floor

3.1.103
sandy service
intended for use in wells where particulates such as sand can be expected to cause equipment failure

3.1.104
secondary equipment
piece of equipment that can normally be isolated from the well fluid or well pressure

3.1.105
serialization
assignment of a unique code to individual parts and/or pieces of equipment to maintain records

3.1.106
slip-type casing hanger
mechanism used to support a casing string in a casing head by gripping the pipe with wedge-type members

3.1.107

spacer

pressure-containing piece of equipment used to connect and provide separation between other pieces of
equipment
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3.1.108

SSV actuator

underwater safety valve actuator

USV actuator

device which causes the SSV/USV valve to open when power is supplied and to close automatically when
power is lost or released

3.1.109

SSV valve

USV valve

portion of the SSV/USV that contains the wellstream and shuts off flow when closed

3.1.110
stainless steel
steel containing more than 11 % mass fraction chromium to render the steel corrosion-resistant

NOTE Other elements may be added to secure special properties.

3.1.111

stress relief

controlled heating of material to a predetermined temperature for the purpose of reducing any residual
stresses after welding

3.1.112
stress-corrosion cracking
cracking that results from a combination of corrosion and stress

3.1.113

studded connection

flanged end or outlet connection in which thread-anchored studs screwed into tapped holes replace the holes
for bolt studs

3.1.114
substantive change
change identified by the manufacturer that affects the performance of the product in the intended service

3.1.115
sulfide stress cracking
cracking of metallic materials due to exposure to fluid containing hydrogen sulfide

3.1.116

surface safety valve

SSsV

automatic wellhead valve assembly that closes upon loss of power supply

NOTE Where used in this International Standard, the term is understood to include an SSV valve and SSV actuator.

3.1.117

swab valve

crown valve

uppermost valve on the vertical bore of the christmas tree above the flowline outlet

3.1.118
tee
pressure-containing fitting with three openings

NOTE Two openings opposite one another form the run portion of the tee, and one opening is at 90° to the line of the
run. Tees may be equipped with threads, flanges, studs or other end connectors.
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3.1.119

test agency

independent third party that provides a test facility and administers a testing programme that meets the
class Il SSV/USV valve-validation testing requirements of Annex| of this International Standard and
API Spec 6AV1

3.1.120

test and gauge connection

hole drilled and tapped into wellhead and christmas tree equipment through which internal pressure can be
measured or through which pressure can be applied to test the sealing mechanisms

3.1.121
test tool
tool used to run into the wellhead in order to perform a pressure test

3.1.122
thread protector
cap or insert used to protect threads and seals during handling, transportation and storage

3.1.123

threaded flange

flange having a sealing face on one side and a female thread on the other for the purpose of joining flanged
connections to threaded connections

3.1.124

top connector

bottomhole test adapter

uppermost fitting of a christmas tree which allows full-bore access to the christmas tree

3.1.125

tubing

retrievable pipe placed within a well to conduct fluid from the well's producing formation into the christmas tree
or to conduct kill or treatment fluids in a well

NOTE Tubing is distinguished from casing as being retrievable during the life of the well.

3.1.126

tubing hanger mandrel

mechanism used to support a tubing string in a tubing head by means of a male or female thread attached to
the tubing

3.1.127
tubing-head adapter
equipment that adapts the uppermost connection of a tubing head to the lowermost valve of the christmas tree

3.1.128

tubing-head spool

piece of equipment attached to the uppermost casing head or smallest casing string which serves to suspend
the tubing and to seal the annular space between the tubing and casing

3.1.129

underwater safety valve

usv

automatic valve assembly installed at an underwater wellhead location which closes on loss of power supply
NOTE Where used in this International Standard, the term is understood to include a USV valve and USV actuator.
3.1.130

valve-bore sealing mechanism
internal valve parts that close off the flow through the valve bore
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EXAMPLES Gates, balls, plugs, poppets, flappers and their respective seats.

3.1.131
valve-removal plug
threaded plug that can be installed in the wellhead to enable gate-valve removal under pressure

3.1.132

Venturi valve

valve with a reduced opening, in which the transformation from the full-opening ends to the reduced-closure
area is well streamlined to reduce pressure loss

3.1.133
visual examination
examination of parts and equipment for visible defects in material and workmanship

3.1.134

volumetric non-destructive examination

volumetric NDE

examination for internal material defects by methods such as radiography and/or ultrasonic testing

3.1.135

wear bushing

retrievable cylindrical device that protects the internal surfaces of wellhead equipment and the top of the last
casing suspended

3.1.136
weld preparation
geometry of surfaces for the purpose of welding

3.1.137
weld, verb
fuse materials, with or without the addition of filler materials

3.1.138

welding neck flange

flange with a neck on the side opposite the sealing face, prepared with a bevel to weld to corresponding pipe
or transition pieces

3.1.139

wellhead

all permanent equipment between the uppermost portion of the surface casing and the tubing-head adapter
connection

3.1.140
wetted surface
any surface that has contact with pressurized well fluid, either by design or because of internal seal leakage

3.1.141
wing valve
valve located on the christmas tree, but not in the vertical run, which can be used to shut off well flow

3.1.142
wrought product
product made from material having a wrought structure

3.1.143

wrought structure
structure that contains no cast dendritic elements
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3.1.144

yield strength

stress level, measured at room temperature, at which material plastically deforms and does not return to its
original dimensions when the load is released

NOTE All yield strengths specified in this document are the 0,2 % offset yield strength in accordance with ISO 6892-1
or ASTM A370.

3.2 Abbreviated terms

For the purposes of this document, the following abbreviated terms apply.

AQL acceptable quality level

CRA corrosion-resistant alloy

DAC distance amplitude curve

ER equivalent round

FEA finite element analysis

HAZ heat-affected zone

HBW Brinell hardness

HIP hot isostatic pressing

HRB Rockwell hardness scale B
HRC Rockwell hardness scale C
NDE non-destructive examination
NPT national pipe thread

OEC other end connection

PQR procedure qualification record
PR performance requirement
PSL product specification level
QTC qualification test coupon

RMS root mean square

RL repair/remanufacture level
R, ultimate tensile strength

ROE radius of exposure

SSV surface safety valve

TC test coupon

UNS unified numbering system
usv underwater safety valve
WPQ welder performance qualification
WPS welding procedure specification

4 Design and performance — General requirements

4.1 Performance requirements — General

Performance requirements are specific and unique to the product in the as-shipped condition. All products
shall be designed to perform according to the requirements of 4.2 to 4.7 and the relevant requirements
specified in Clause 10 while in the pressure and temperature ranges and used with the test fluids consistent
with the material class in Table 3 for which they are rated. Other requirements specified by the purchaser may
include load capability, cycles, lubrication and operating force or torque.
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There are two performance requirement levels: PR1 and PR2. SSVs and USVs (see 10.20) shall be of the
PR2 performance level and meet the requirements of Annex I.

4.2 Service conditions

4.2.1 Pressure ratings
4211 General

Equipment shall be designed to operate at only the following maximum rated working pressures:

a) 13,8 MPa (2 000 psi)
b) 20,7 MPa (3 000 psi)
c) 34,5MPa (5 000 psi)
d) 69,0 MPa (10 000 psi)
e) 103,5MPa (15000 psi)
f)  138,0 MPa (20 000 psi)

4.21.2 Threaded equipment limitations

Equipment designed with internally threaded end and outlet connections shall be limited to the thread sizes
and rated working pressures in Table 1. Ratings do not include tubing and casing hangers.

4.21.3 Design considerations

The design shall take into account the effects of pressure containment and other pressure-induced loads.
Special conditions, such as pressure rating changes in cross-over connectors and pressurizing with temporary
test plugs, shall also be considered. The effects of external loads (i.e. bending moments, tensions, etc.) on the

assembly of components are not explicitly addressed by this International Standard; see A.2.

Table 1 — Pressure ratings for internal threaded end or outlet connections

Type of thread Nominal pipe size Size OD Rated working pressure
in mm MPa (psi)

Line-pipe/NPT '%a 21,3 69,0 10 000
(nominal sizes) 3,102 26,7 t0 60,3 34,5 5000

2',t06 73,0 to 168,3 20,7 3000
Tubing, non-upset, 1,050 to 4", 26,7 to 114,3 34,5 5000
and external upset
round thread
Casing 4'2t0 10%, 114,3 to 273,1 34,5 5000
(8 round, buttress, 11%4 to 13%s 298,5 to 339,7 20,7 3 000
and extreme line) 16 to 20 406,4 to 508,0 13,8 2000
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4.2.2 Temperature ratings

4221 General

Equipment shall be designed to operate in one or more of the specified temperature ratings with minimum and
maximum temperatures as shown in Table 2, or to minimum and maximum operating temperatures as agreed
between the purchaser and manufacturer.

Minimum temperature is the lowest ambient temperature to which the equipment may be subjected. Maximum
temperature is the highest temperature of the fluid that may directly contact the equipment.

4.2.2.2 Design considerations
The design shall consider the effects of differential thermal expansion from temperature changes and
temperature gradients which the equipment can experience in service. Design for high-temperature rating, e.g.

classifications X and Y (see Table G.1), shall take into consideration the effects of temperature on strength
levels; see Annex G for guidelines.

4.2.2.3 Temperature rating considerations

Choosing the temperature rating is ultimately the responsibility of the user. In making these selections, the
user should consider the temperature the equipment can experience in drilling and/or production services.

Table 2 — Temperature ratings

Temperature Operating range
classification °c C°F)
min. max. min. max.
K - 60 82 -75 180
L —46 82 -50 180
N —46 60 -50 140
P -29 82 -20 180
S -18 60 0 140
T -18 82 0 180
u -18 121 0 250
\Y 2 121 35 250

4.2.3 Material class ratings

4.2.31 General

Equipment shall be designed with materials, including metallics, that meet the requirements set forth in
Table 3. Table 3 does not define either the present or the future wellhead environment, but provides material
classes for various levels of severity of service conditions and relative corrosivity.

Provided the mechanical properties requirements can be met, stainless steels and/or CRA materials may be

used for material classes AA and BB in place of carbon and low-alloy steels. Similarly, for all material classes,
corrosion-resistant alloys may be used in place of stainless steels.
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4.2.3.2 Material classes

For material classes DD, EE, FF and HH, the manufacturer shall meet the requirements of ISO 15156 (all
parts) (NACE MRO0175; see Clause 2) for material processing and material properties (e.g. hardness).
Choosing material class and specific materials for specific conditions is ultimately the responsibility of the
purchaser.

Material classes DD, EE, FF and HH shall include as part of the designation and marking the maximum
allowable partial pressure of H,S in units consistent with the rated working pressure markings and prefixes
consistent with ISO 15156 (all parts) (NACE MR0175; see Clause 2). The maximum allowable partial pressure
shall be in accordance with 1ISO 15156 (all parts) (NACE MRO0175; see Clause 2) at the designated
temperature class (see Table 2) for the limiting component(s) in the equipment assembly. For example, “FF-
10” on equipment with the rated working pressure marked in megapascals indicates material class FF rated at
10 kPa H,S maximum allowable partial pressure. Where no H,S limit is defined by 1SO 15156 (all parts)

(NACE MRO0175; see Clause 2) for the partial pressure, “NL” shall be used for marking (i.e. “DD-NL").

NOTE It is necessary that users of this International Standard recognize that resistance to cracking caused by H,S is
influenced by a number of other factors, some of the limits for which are given in ISO 15156 (all parts) (NACE MR0175;
see Clause 2). These include, but are not limited to

— pH;

— temperature;

— chloride concentration;

— elemental sulfur.

In making the material selections, it is the responsibility of the purchaser to also consider the various environmental factors
and production variables listed in Annex A.

4.2.3.3 Material class ZZ

ISO 15156 (all parts) (NACE MRO0175; see Clause 2) includes provisions by means of testing or documented
field history for the qualification of materials for a specific sour-service application that is outside the
parameters defined in ISO 15156 (all parts) (NACE MRO0175; see Clause 2). This can include the use of
materials in fluid conditions exceeding the limits defined in 1SO 15156 (all parts) (NACE MR0175; see
Clause 2), or the use of materials not addressed in ISO 15156 (all parts) (NACE MRO0175; see Clause 2). For
such sour-service applications, equipment may be described and marked as material class ZZ.

It is the responsibility of the purchaser to evaluate and determine the applicability of the documented data for
the intended application. For material class ZZ, the manufacturer shall meet material specifications supplied or
approved by the purchaser, and shall maintain traceable records to document the materials of construction,
regardless of PSL.

24 © 1SO 2009 — All rights reserved



ISO 10423:2009(E)

Table 3 — Material requirements

Material class Minimum material requirements
Body, bonnet, end and outlet Pressure-controlling parts, stems and
connections mandrel hangers
AA General service Carbon or low-alloy steel Carbon or low-alloy steel
BB General service Carbon or low-alloy steel Stainless steel
CcC General service Stainless steel Stainless steel
DD Sour service? Carbon or low-alloy steel? Carbon or low-alloy steel?
EE Sour service? Carbon or low-alloy steel? Stainless steel?
FF Sour service? Stainless steel? Stainless steel?
HH Sour service? CRAgbed CRAgbed

@  As defined by ISO 15156 (all parts) (NACE MR0175; see Clause 2).
b In accordance with ISO 15156 (all parts) (NACE MRO0175; see Clause 2).

CRA required on retained fluid-wetted surfaces only; CRA cladding of low-alloy or stainless steel is permitted [see 6.5.1.2.2 a)].

d  CRA as defined in Clause 3; 1ISO 15156 (all parts) (NACE MRO0175; see Clause 2) definition of CRA does not apply.

4.3 Design methods
4.3.1 Connections

4311 Flanges

Flanges specified in this International Standard have been designed in accordance with design criteria and
methods originally developed by API.

4.3.1.2 Clamp hub and outlet end connections

Design of end and outlet clamp hub connections (16B and 16BX) used on equipment specified in this
International Standard shall conform to the material and dimensional requirements of ISO 13533.

4.3.1.3 Clamps

Clamps meeting the requirements of ISO 13533 are acceptable for installation on equipment specified in this
International Standard with integral clamp hubs meeting the requirements of ISO 13533.

4.3.2 Casing hangers, tubing hangers, back-pressure valves, lock screws and stems
Casing hangers, tubing hangers, back-pressure valves, lock screws and stems shall be designed to satisfy the

manufacturer's documented performance characteristics and service conditions in accordance with 4.2. The
manufacturer shall specify methods that are consistent with accepted engineering practices for use in design.

4.3.3 Other end connectors, bodies and bonnets

4.3.31 General

Other end connectors, bodies and bonnets that utilize standard materials (in designs other than those
specified in this International Standard) shall be designed in accordance with one or more of the methods
given in 4.3.3.2 to 4.3.3.5. Standard materials are those materials whose properties meet or exceed the
requirements of Table 6.
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Other end connectors, bodies and bonnets that utilize non-standard materials shall be designed in accordance
with the requirements of 4.3.3.6. Non-standard materials are materials with properties that do not meet all the
requirements of Table 6 for a standard material.

In the event that stress levels calculated by the methods in 4.3.3.2 to 4.3.3.6 exceed the allowable stresses,
other methods identified by the manufacturer, such as ASME BPVC:2004, with 2005 and 2006 addenda,
Section VIII, Division 3, shall be used to justify these stresses. Fatigue analysis and localized bearing stress
values are beyond the scope of this International Standard.

4.3.3.2 ASME method

The design methodology described in ASME BPVC:2004, with 2005 and 2006 addenda, Section VIII,
Division 2, Appendix 4, may be used for design calculations for pressure-containing equipment. Design-
allowable stresses, ST, the maximum allowable general primary membrane stress intensity at hydrostatic test
pressure, and S, the design stress intensity at rated working pressure, shall be limited by the criteria in
Equations (1) and (2), respectively:

_=SYy
St=5 6 (1
Sy
S =2-X 2

where Sy is the material-specified minimum yield strength.

4.3.3.3 Distortion energy theory
The distortion energy theory, also known as the Von Mises law, may be used for design calculations for
pressure-containing equipment. Rules for the consideration of discontinuities and stress concentrations are
beyond the scope of this method. However, the basic pressure-vessel wall thickness may be sized by
combining triaxial stresses based on hydrostatic test pressure and limited by the following criterion:

SE = SY (3)

where

Sg is the maximum allowable equivalent stress at the most highly stressed distance into the pressure
vessel wall, computed by the distortion energy theory method;

Sy is the material-specified minimum yield strength.

4.3.3.4 Experimental stress analysis

Experimental stress analysis as described in ASME BPVC:2004 with 2005 and 2006 addenda, Section VIII,
Division 2, Appendix 6, may be used as an alternative method to those described in 4.3.3.2 and 4.3.3.3.

4.3.3.5 Design qualification by proof test

4.3.3.5.1 General

As an alternative to the analytical methods above, the pressure rating of equipment may be determined by the
use of a hydrostatic test at elevated pressure. A test vessel, or vessel part, is made from the equipment for
which the maximum allowable working pressure is to be established. It shall not previously have been
subjected to a pressure greater than 1,5times the desired or anticipated maximum allowable working
pressure.
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4.3.3.5.2 Determination of yield strength

4.3.3.5.21 Method

The yield strength of the material in the part tested shall be determined in accordance with the method
prescribed in the applicable material specification.

4.3.3.5.2.2 Specimen preparation

Yield strength so determined shall be the average from three or four specimens cut from the part tested after
the test is completed. The specimens shall be cut from a location where the stress during the test has not
exceeded the yield strength. The specimens shall not be flame-cut because this might affect the strength of
the material.

4.3.3.5.2.3 Alternative specimens

If excess stock from the same piece of material is available and has been given the same heat treatment as
the pressure part, the test specimens may be cut from this excess stock. The specimen shall not be removed
by flame cutting or any other method involving sufficient heat to affect the properties of the specimen.

4.3.3.5.2.4 Exemption

If yield strength is not determined by test specimens, an alternative method is given in 4.3.3.5.3 for evaluation
of proof test results to establish the maximum allowable working pressure.

4.3.3.5.3 Test procedure

4.3.3.5.3.1 Instrumentation

Measure strains in the direction of the maximum stress as close as practical to the most highly stressed
locations by means of strain gauges of any type capable of indicating strains to 0,005 % (50 microstrain;
0,000 05 in/in). The manufacturer shall document the procedure used to determine the location or locations at
which strain is to be measured, and the means to compensate for temperature and hydrostatic pressure
imposed on the gauges.

4.3.3.5.3.2 Application of pressure

Gradually increase the hydrostatic pressure in the vessel or vessel part, until approximately one-half the
anticipated working pressure is reached. Thereafter, increase the test pressure in steps of approximately one-
tenth or less of the rated working pressure until the pressure required by the test procedure is reached.

4.3.3.5.3.3 Observations

After each increment of pressure has been applied, take and record readings of the strain gauges and the
hydrostatic pressure. Then, release the pressure and determine any permanent strain at each gauge after any
pressure increment that indicates an increase in strain for this increment over the previous equal pressure
increment. Only one application of each increment of pressure is required.

4.3.3.5.3.4 Records

Plot two curves of strain against test pressure for each gauge line as the test progresses, one showing the
strain under pressure and one showing the permanent strain when the pressure is removed. The test may be
discontinued when the test pressure reaches a value, W, of the hydrostatic test pressure that, calculated from
Equations (4) or (5), justifies the desired working pressure, but shall not exceed the pressure at which the
plotted points for the most highly strained gauge line reach 0,2 % strain.
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4.3.3.5.3.5 Resulting rating

Compute the maximum allowable working pressure, p, for parts tested under 4.3.3.5 using Equation (4) if the
average yield strength is determined in accordance with 4.3.3.5.2 or Equation (5) if the actual average yield
strength is not determined by test specimens:

pP= O,SW(SylSR) (4)
p=04W (9)
where

W is the hydrostatic test pressure at which this test was stopped, in accordance with 4.3.3.5.3.2;

Sy is the material-specified minimum yield strength;

Sr is the actual average yield strength from test specimens.

4.3.3.6 Non-standard materials design requirements

The design methodology described in ASME BPVC:2004 with 2005 and 2006 addenda, Section VIII,
Division 2, Appendix 4, shall be used for designs and calculations for pressure-containing equipment utilizing
non-standard materials. Design-allowable stresses, Sy, the maximum allowable general primary membrane
stress intensity at hydrostatic test pressure; S,,,, the design stress intensity at rated working pressure; and Sg,
the maximum combined primary and secondary stress intensity, shall be limited by the criteria in
Equations (6), (7) and (8), respectively:

St=min (56 Sy, 2/3 Ry i) (6)
S =min (2/3 Sy, 12 Ry min) (7)
Ss =min (2 Sy, Ry min.) (8)
where
Sy is as defined as for Equations (4) and (5)

R, min. IS the material-specified minimum ultimate tensile strength.

4.3.4 Closure bolting
The maximum allowable tensile stress, S, for closure bolting shall be determined considering initial bolt-up,
rated working pressure and hydrostatic test pressure conditions. Bolting stresses, based on the root area of
the thread, shall not exceed the limit given in Equation (9):

Sp=0,83 8y 9)

where Sy is the bolting material-specified minimum yield strength.

Bolting stresses shall be determined considering all loading on the closure, including pressure acting over the
seal area, gasket loads and any additional mechanical and thermal loads.

4.3.5 Other parts

All other pressure-containing parts and all pressure-controlling parts shall be designed to satisfy the
manufacturer's documented performance characteristics and the service conditions in 4.2. The manufacturer
shall specify methods for use in designs that are consistent with accepted engineering practices.
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4.3.6 Specific equipment
Equipment-specific requirements are specified in Clause 10.
4.4 Miscellaneous design information

4.41 General

End and outlet connections shall be an integral part of the body or attached by welding which meets the
requirements of Clause 6. PSL 4 equipment design shall not utilize fabrication welding.

4.4.2 Tolerances

Unless otherwise specified in the appropriate table or figure, the tolerances in Table 4 shall apply:

Table 4 — Tolerances, unless otherwise stated

Si usc
Dimension Tolerance Dimension Tolerance
mm in
X, X +0,5 X, XX +0,02
X, XX +0,13 X, XXX + 0,005

4.4.3 Bolting

4431 End and outlet bolting

44.311 Hole alignment

End and outlet bolt holes for flanges shall be equally spaced and shall straddle common centrelines.

44.31.2 Stud thread engagement

Stud thread-engagement length into the body for studded flanges shall be a minimum of one times the outside
diameter of the stud.

4.43.2 Other bolting

The stud thread-anchoring means shall be designed to sustain a tensile load equivalent to the load that can
be transferred to the stud through a fully engaged nut.

444 Test, vent, injection and gauge connections

4441 Sealing

All test, vent, injection and gauge connections shall provide a leak-tight seal at the hydrostatic test pressure of
the equipment in which they are installed.
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444.2 Test and gauge connection ports

44421 69,0 MPa (10 000 psi) and below
Test and gauge connection ports for 69,0 MPa (10 000 psi) working pressure and below shall be internally

threaded in conformance with the methods specified in 10.2 and shall not be less than 12 mm (1/2 in) nominal
size. High-pressure connections as described in 4.4.4.2.2 may also be used.

44422 103,5MPaand 138,0 MPa (15 000 psi and 20 000 psi)

Test and gauge connections for 103,5 MPa and 138,0 MPa (15 000 psi and 20 000 psi) working pressure
shall be in accordance with 10.11.

4.4.4.3 Vent and injection ports

Vent and injection ports shall meet the requirements of the manufacturer's specifications.

4.5 Design documentation

Documentation of designs shall include methods, assumptions, calculations and design requirements. Design
requirements shall include, but not be limited to, those criteria for size, test and operating pressures, material,
environmental and other pertinent requirements on which the design is based. Design documentation media
shall be clear, legible, reproducible and retrievable. Design documentation shall be retained for five years after
the last unit of that model, size and rated working pressure is manufactured.

4.6 Design review

Design documentation shall be reviewed and verified by any qualified individual other than the individual who
created the original design.

4.7 Design validation

Manufacturers shall document their design validation procedures and the results of design validation of
designs. The design validation procedures, including acceptance criteria for SSVs and USVs, are given in
Annex I. Additional validation procedures, including acceptance criteria, are given in Annex F for use if
specified by the manufacturer or purchaser.

5 Materials — General requirements

5.1 General

Clause 5 describes the material performance, processing and compositional requirements for bodies, bonnets,
end and outlet connections, clamp hub end connectors, hangers, wear bushings, pressure-boundary
penetrations and ring gaskets. Other pressure-containing and pressure-controlling parts shall be made of
materials that satisfy 5.2 and the design requirements of Clause 4.

All material requirements in Clause 5 apply to carbon steels, low-alloy steels and martensitic stainless steels
(other than precipitation-hardening types). Other alloy systems (including precipitation-hardening stainless
steels) may be used, provided they satisfy the requirements of Clause 5 and the design requirements of
Clause 4.

Materials for actuators are specified in 10.16.4.
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5.2 Written specifications

5.2.1 General

All metallic and non-metallic pressure-containing or pressure-controlling parts shall require a written material
specification.

5.2.2 Metallic requirements
The manufacturer's written specified requirements for metallic materials for bodies, bonnets, end and outlet
connections, stems, valve bore sealing mechanisms and mandrel hangers shall define the following, along
with accept/reject criteria:
a) forPSL 1:

— mechanical property requirements,

— material qualification,

— heat-treatment procedure, including cycle time, quenching practice and temperatures with tolerances
and cooling media,

— material composition with tolerances,
— non-destructive examination (NDE) requirements;
b) for PSL 2 to PSL 4, the requirements are identical to those for PSL 1, with the addition of the following:
— allowable melting practice(s),
— forming practice(s), including hot-working and cold-working practices,
— heat-treating equipment calibration.
5.2.3 Non-metallic requirements

Non-metallic pressure-containing or pressure-controlling seals shall have written material specifications. The
manufacturer's written specified requirement for non-metallic materials shall define the following:

— generic base polymer(s); see ASTM D1418;
— physical property requirements;
— material qualification, which shall meet the equipment class requirement;

— storage and age-control requirements.
5.3 Mandrel tubing hangers and casing hangers

5.3.1 Material

All mandrel tubing hangers and casing hangers shall be fabricated from materials that meet the applicable
property requirements specified by the manufacturer.
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The following apply:

a)

b)

PSL 1 requirements:

— tensile testing,

— hardness testing;

PSL 2 to PSL 4 requirements:

— identical to item a) for PSL 1,

— plus impact requirements.

5.3.2 Processing

5.3.2.1 Casting practices

The following apply:

a)

b)

c)

PSL 1 requirements:
All castings used for hanger mandrels shall meet the applicable requirements of Clauses 5 and 7.
PSL 2 requirements:

The requirements for PSL 2 are identical to those for PSL 1, with the additional requirement that the
manufacturer shall document foundry practices that establish limits for sand control, core making, rigging,
melting, heat treatment and NDE to ensure repeatability for providing castings that meet the requirements
of this International Standard.

PSL 3 and PSL 4:

Wrought products shall be used.

5.3.2.2 Hot-working practices

The following apply:

a)

b)

PSL 1 requirements:

All wrought materials shall be formed using a hot-working practice(s) that produce(s) a wrought structure
throughout.

PSL 2 to PSL 4 requirements:

The requirements for PSL 2 to PSL 4 are identical to those for PSL 1, with the addition that the
manufacturer shall document hot-working practices.

5.3.2.3 Melting practices

The following apply:

a)

b)
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PSL 1 to PSL 3 requirements:
The manufacturer shall specify the melting practices for all hanger mandrel materials.
PSL 4 requirements:

The requirements for PSL 4 are identical to those for PSL 1 to PSL 3, with the addition that the
manufacturer shall document the melting practice utilized for PSL 4 material.
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5.3.3 Heat treating

5.3.31 Equipment qualification
All heat-treatment operations shall be performed utilizing equipment qualified in accordance with the

requirements specified by the manufacturer. A recommended practice for heat-treating furnace calibration can
be found in Annex M.

5.3.3.2 Temperatures
The following apply:
a) PSL 1to PSL 3 requirements:

Time at temperature and thermal cycles shall comply with the manufacturer's heat-treatment
specifications.

b) PSL 4 requirements:

The requirements for PSL 4 are identical to those for PSL 1 to PSL 3, with the addition that the
temperature levels for PSL 4 parts shall be determined by using a heat sink.

The heat sink shall be made of the same class of material when the components are made of an alloy of
the following classes: carbon steel, alloy steel, stainless steel, titanium-based alloys, nickel-copper alloys
and nickel-based alloys. For components that do not meet one of the preceding classes, the heat sink
shall be made from the same alloy as the component. The equivalent round (ER) section of all heat sinks
shall be determined in accordance with the methods of 5.7.2. The ER of the heat sink shall be greater
than or equal to the largest ER of any part in a heat treatment load.

As an alternative, a production part may serve as the heat sink, provided all the requirements of 5.3.3.2 b)

are satisfied. The temperature-sensing tip of the thermocouple shall be within the part or heat sink, and
be no closer than 25 mm (1 in) to any external or internal surface.

5.3.3.3 Quenching — PSL 2 to PSL 4 requirements (for materials that are quenched and tempered)

The following apply:

a) water quenching:
The temperature of the water or quench media used to approximate the cooling rate of water shall not
exceed 40 °C (100 °F) at the start of the quench. For bath-type quenching, the temperature of the water
or quench media shall not exceed 50 °C (120 °F) at the completion of the quench.

b) other quenching media:

The temperature range of other quenching media shall meet the manufacturer's written specification.
5.3.4 PSL 2 to PSL 4 chemical composition
Hanger mandrel materials shall conform to the manufacturer's written specification.

The manufacturer shall specify the nominal chemical composition, including the composition tolerances, of the
material.

Material composition shall be determined on a heat basis (or a remelt-ingot basis for remelt-grade materials)
in accordance with a nationally or internationally recognized standard specified by the manufacturer.
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5.3.5 Material qualification testing — PSL 2 to PSL 4 requirements

5.3.5.1 General

If minimum tensile and/or impact properties are required in order to qualify a material for service, the tests
shall be performed as described in 5.3.5.2 and 5.3.5.3.

A qualification test coupon (QTC) as described in 5.7 shall be used.

5.3.5.2 Tensile testing

The following apply:

a)

b)

c)

test specimens:
Tensile test specimens shall be removed from a QTC as described in 5.7.4.1.
test method:

Perform tensile tests at room temperature in accordance with the procedures specified in 1ISO 6892-1 or
ASTM A370.

Perform a minimum of one tensile test. The results of the tensile test(s) shall satisfy the manufacturer's
specified requirements.

retesting:

If the results of the tensile test(s) do not satisfy the applicable requirements, two additional tests on two
additional test specimens (removed from the same QTC with no additional heat treatment) may be
performed in an effort to qualify the material. The results of each of these tests shall satisfy the applicable
requirements.

5.3.5.3 Impact testing

The following apply:

a)

b)
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test specimens:
Impact test specimens shall be removed from a QTC as described in 5.7.4.1.
test method:

Perform impact tests in accordance with the procedures specified in ISO 148 (all parts) or ASTM A370
using the Charpy V-notch technique.

In order to qualify a material for a temperature rating, perform the impact tests at or below the lowest
temperature of that classification range.

Test a minimum of three impact specimens to qualify a heat of material. Impact properties as determined
from these tests shall satisfy the manufacturer's specified requirements.

retesting:
If a test fails, then a retest of three additional specimens (typically removed from the same location within

the same QTC with no additional heat treatment) may be made, each of which shall exhibit an impact
value equal to or exceeding the required minimum average value.
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5.4 Bodies, bonnets and end and outlet connections

5.4.1 Material

The following apply:

a) tensile property requirements:
All bodies, bonnets and end and outlet connections shall be fabricated from standard or non-standard
materials. Standard materials as specified in Table 5 shall meet the applicable property requirements
shown in Table 6.
Non-standard materials for components shown in Table 5 shall have a design stress intensity, S,,,, as
defined in 4.3.3.6, at least equal to that of the lowest-strength standard material permitted for that
application. Non-standard material shall conform to the manufacturer's written specification which shall
include minimum requirements for
— tensile strength,
— yield strength,
— hardness,
— impact strength,
— a minimum of 15 % elongation,
— a minimum of 20 % reduction of area;

b) impact strength requirements:
Impact strength for standard and non-standard materials shall conform to the requirements of Table 7.
If sub-size specimens are used, the Charpy V-notch impact requirements shall be equal to that of the

10 mm x 10 mm specimens multiplied by the adjustment factor listed in Table 8. Sub-size specimens
shall not be used for PSL 4.

5.4.2 Material qualification testing

5.4.2.1 General

If minimum tensile and/or impact properties are required in order for material to be qualified for service, the
required tests shall be performed on specimens from a test coupon (TC) or QTC, as applicable.

The following apply:
a) PSL 1 requirements:

An acceptable TC as described in 5.6 or a QTC as described in 5.7 shall be used to qualify material.
b) PSL 2 to PSL 4 requirements:

A QTC as described in 5.7 shall be used.
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Table 5 — Standard and non-standard material applications
for bodies, bonnets and end and outlet connections

Part Material designations for pressure ratings
13,8 MPa 20,7 MPa 34,5 MPa 69,0 MPa 103,5 MPa 138,0 MPa
(2 000 psi) (3 000 psi) (5 000 psi) (10 000 psi) (15 000 psi) (20 000 psi)
Body?, bonnet 36K, 45K 36K, 45K 36K, 45K 36K, 45K 45K, 60K 60K, 75K
60K, 75K 60K, 75K 60K, 75K 60K, 75K 75K, NS NS
NSP NS NS NS — —
Integral end
connection
Flanged 60K, 75K 60K, 75K 60K, 75K 60K, 75K 75K, NS 75K, NS
NS NS NS NS — —
Threaded 60K, 75K 60K, 75K 60K, 75K NA NA NA
NS NS NS — — —
Other® c c c c c c
Loose connectors
Welding neck 45K 45K 45K 60K, 75K 75K, NS 75K, NS
— — — NS — —
Blind 60K, 75K 60K, 75K 60K, 75K 60K, 75K 75K, NS 75K, NS
NS NS NS NS — —
Threaded 60K, 75K 60K, 75K 60K, 75K NA NA NA
NS NS NS — — —
Other c c c c c c

with Clause 4.

¢ As specified by manufacturer.

b “NS” indicates non-standard materials as defined in 4.3.3 and 5.4.1 a).

@8  If end connections are of the material designation indicated, welding is in accordance with Clause 6 and design is in accordance

Table 6 — Standard material property requirements
for bodies, bonnets and end and outlet connections

Material designation 0,2 % offset yield Tensile strength Elongation in Reduction
strength 50 mm (2 in) in area
min. min. min. min.

Mpa (psi) Mpa (psi) % %

36K 248 (36 000) 483 (70 000) 21 No requirement

45K 310 (45 000) 483 (70 000) 19 32

60K 414 (60 000) 586 (85 000) 18 35

75K 517 (75 000) 655 (95 000) 17 35

36
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Table 7 — Charpy V-notch impact requirements — 10 mm x 10 mm

Temperature Minimum average impact value
Transverse direction
J (ft-Ibf )
Classification Test PSL 1 PSL 2 PSL 3 and

°C (°F) PSL 4
K —60 (-75) 20 (15) 20 (15) 20 (15)
L 6 (-50) 20 (15) 20 (15) 20 (15)
N 6 (-50) 20 (15) 20 (15) 20 (15)
P —29 (-20) — 20 (15) 20 (15)
S -18 (0) — — 20 (15)
T -18 (0) — — 20 (15)
U -18 (0) — — 20 (15)
\Y -18 (0) — — 20 (15)

Table 8 — Adjustment factors for sub-size
impact specimens (PSL 1 to PSL 3)

Specimen dimension Adjustment factor

Minimum average impact value, wrought materials

Transverse direction and Longitudinal direction
castings
J (ft-Ib) J (ft-Ib)
10 mm x 10 mm (full size) 1 (none) 20 (15); ref. 27 (20); ref.

10 mm x 7,5 mm 0,833 17 (13) 23 (17)
10 mm x 6,7 mm 0,780 16 (12) 21 (16)
10 mm x 5,0 mm 0,667 13 (10) 18 (13)
10 mm x 3,3 mm 0,440 9(7) 12 (9)
10 mm x 2,5 mm 0,333 7 (5) 9(7)

5.4.2.2 PSL 1 tensile testing
The following apply:

a) testspecimens:

Tensile test specimens shall be removed from a TC as described in 5.6 or 5.7, as applicable. This TC
shall be used to qualify a heat and the bodies, bonnets, and end and outlet connections produced from

that heat.

b) test method:

Perform tensile tests at room temperature in accordance with the procedures specified in ISO 6892-1 or

ASTM A370.

Perform a minimum of one tensile test. The results of the tensile test(s) shall satisfy the applicable

requirements of Table 6.
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c)

retesting:

If the results of the tensile test(s) do not satisfy the applicable requirements, two additional tests on two
additional test specimens (removed from the same TC or QTC with no additional heat treatment) may be
performed in an effort to qualify the material. The results of each of these tests shall satisfy the applicable
requirements.

5.4.2.3 PSL 2 to PSL 4 tensile testing

The following apply:

a)

b)

test specimens:
Tensile test specimens shall be removed from a QTC as described in 5.7.4.1.
test method:

Perform tensile tests at room temperature in accordance with the procedures specified in ISO 6892-1 or
ASTM A370.

Perform a minimum of one tensile test. The results of the tensile test(s) shall satisfy the applicable
requirements of Table 6.

retesting:

If the results of the tensile test(s) do not satisfy the applicable requirements, two additional tests on two
additional test specimens (removed from the same QTC with no additional heat treatment) may be
performed in an effort to qualify the material. The results of each of these tests shall satisfy the applicable
requirements.

5.4.24 PSL 1 to PSL 4 impact testing

The following apply:

a)

b)

c)
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sampling:

Impact tests shall be performed on a heat of material if a body, bonnet, or end and outlet connection
produced from that heat requires testing.

test specimens:

Impact test specimens shall be removed from a test coupon as described in 5.6 or 5.7, as applicable. This
test coupon shall be used to qualify a heat and the bodies, bonnets and end and outlet connections
produced from that heat.

test method:

Perform impact tests in accordance with the procedures specified in ISO 148 (all parts) or ASTM A370
using the Charpy V-notch technique.

In order to qualify material for a temperature rating, perform the impact tests at or below the lowest
temperature of that classification range.

Test a minimum of three impact specimens to qualify a heat of material. Impact properties as determined
from these tests shall satisfy the applicable requirements of Table 7. In no case shall an individual impact
value fall below two-thirds of that required as a minimum average. Similarly, no more than one of the
three test results shall be below the required minimum average. Where no acceptance criteria are shown
in Table 7, impact testing is not required.
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PSL 1 to PSL 4 retest:

If a test fails, then a retest of three additional specimens removed from the same QTC, or TC for PSL 1
components, with no additional heat treatment, may be made, each of which shall exhibit an impact value
equal to or exceeding the required minimum average value.

specimen orientation:

The values listed in Table 7 are the minimum acceptable values for wrought products tested in the
transverse direction and for castings and weld qualifications. Wrought products may be tested in the
longitudinal direction instead of the transverse direction and then shall exhibit a minimum average value
of 27 J (20 ft-Ibf).

5.4.3 Processing

5.4.3.1 Casting practices

The following apply:

a)

PSL 1 requirements:

All castings used for bodies, bonnets and end and outlet connections shall meet the applicable
requirements of Clauses 5 and 7.

PSL 2 requirements:

The requirements for PSL 2 are identical to those for PSL 1, with the addition that the manufacturer shall
document foundry practices that establish limits for sand control, core-making, rigging, melting and heat
treatment and NDE to ensure repeatability for producing castings that meet the requirements of this
International Standard.

PSL 3 and PSL 4 requirements:

Wrought products shall be used.

5.4.3.2 Hot-working practices

The following apply:

a)

PSL 1 requirements:

All wrought material(s) shall be formed using (a) hot-working practice(s) that produces a wrought
structure throughout.

PSL 2 to PSL 4 requirements:

The requirements for PSL 2 to PSL 4 are identical to those for PSL 1, with the addition that the
manufacturer shall document hot-working practices.

5.4.3.3 Melting practices

The following apply:

a)

PSL 1 to PSL 3 requirements:
The manufacturer shall specify melting practices.
PSL 4 requirements:

The requirements for PSL 4 are identical to those for PSL 1 to PSL 3, with the addition that the
manufacturer shall document the melting practice utilized for PSL 4 material.
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5.4.4 Heat treating

5.4.41 Equipment qualification

All heat-treatment operations shall be performed utilizing equipment qualified in accordance with the
requirements specified by the manufacturer. A recommended practice for heat-treating furnace calibration can
be found in Annex M.

5.44.2 Temperatures

The following apply:

a)

b)

PSL 1 to PSL 3 requirements:

Time at temperature and thermal cycles shall comply with the manufacturer's heat-treatment
specifications.

PSL 4 requirements:

The requirements of PSL 1 to PSL 3 shall apply with the addition that the temperature levels for PSL 4
parts shall be determined by using a heat sink.

The heat sink shall be made of the same class of material if the components are made of an alloy of the
following classes: carbon steel, alloy steel, stainless steel, titanium-based alloy, nickel-copper alloys and
nickel-based alloys. For components that do not meet one of the preceding classes, the heat sink shall be
made from the same alloy as the component. The ER section of all heat sinks shall be determined in
accordance with the methods of 5.7.2. The ER of the heat sink shall be greater than or equal to the
largest ER of any single part in a heat treatment load.

As an alternative, a production part may serve as the heat sink, provided all the requirements of 5.4.4.2 b)
are satisfied. The temperature-sensing tip of the thermocouple shall be within the part or heat sink, and
be no closer than 25 mm (1 in) to any external or internal surface.

5.44.3 Quenching — PSL 2 to PSL 4 requirements (for quenched and tempered materials)

The following apply:

a)

b)

water quenching:

The temperature of the water or quench media used to approximate the cooling rate of water shall not
exceed 40 °C (100 °F) at the start of the quench. For bath-type quenching, the temperature of the water
or quench media shall not exceed 50 °C (120 °F) at the completion of the quench.

other quenching media:

The temperature range of other quenching media shall meet the manufacturer's written specification.

5.4.5 Chemical composition

5.4.51 General

Material shall conform to the manufacturer's written specification as follows.

a)

b)
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The manufacturer shall specify the nominal chemical composition, including composition tolerances, of
the material.

Material composition shall be determined on a heat basis (or a remelt-ingot basis for remelt-grade
materials) in accordance with a nationally or internationally recognized standard.
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5.4.5.2 Composition limits — PSL 2 to PSL 4 requirements

Tables 9 and 10 list element limits, expressed in percentage mass fraction, for carbon, low-alloy and
martensitic stainless steels (other than precipitation-hardening types) required to manufacture bodies, bonnets
and end outlet connections to PSL 2 to PSL 4 requirements. If the composition is specified by reference to a
recognized industry standard, it is not necessary that those elements specified as residual/trace elements be
reported, provided the residual/trace element limits of the industry standard are within the limits of this
International Standard. Tables 9 and 10 do not apply to other alloy systems. Composition limits of other alloy
systems are purposely omitted from these tables in order to provide the manufacturer with freedom to utilize
alloy systems for the multiplicity of requirements encountered.

Table 9 — Steel composition limits (PSL 2 to PSL 4)
for bodies, bonnets and end and outlet connections materials

Alloying Composition limits
element % mass fraction
Carbon and Martensitic 45K material for welding
low-alloy steels stainless steels neck flanges?

Carbon 0,45 max. 0,15 max. 0,35 max.
Manganese 1,80 max. 1,00 max. 1,05 max.
Silicon 1,00 max. 1,50 max. 1,35 max.
Phosphorus b b 0,05 max.
Sulfur b b 0,05 max.
Chromium 2,75 max. 11,0-14,0 NA
Molybdenum 1,50 max. 1,00 max. NA
Vanadium 0,30 max. NA NA
@  For each reduction of 0,01 % below the specified carbon maximum (0,35 %), an increase of 0,06 % manganese above
the specified maximum (1,05 %) is permitted up to a maximum of 1,35 %.
b See Table 10.

Table 10 — Phosphorus and sulfur concentration limits (PSL 2 to PSL 4)

Product Component
specification level % mass fraction
Phosphorus Sulfur
PSL 2 0,040 max. 0,040 max.
PSL 3 and PSL 4 0,025 max. 0,025 max.

5.4.5.3 Tolerance ranges

Table 11 lists, for PSL 3 and PSL 4 only, the tolerance range requirements for elements used in the
composition of materials as described by the manufacturer's specification. These tolerances only apply to the
materials covered by Table 9.

If the manufacturer specifies a material for PSL 3 or 4 with chemical composition requirements by reference to
a recognized industry standard, the material shall meet the tolerance ranges of the referenced industry
standard. If the manufacturer specifies a material chemistry not covered by a recognized industry standard,
the tolerance ranges shall meet the requirements in Table 11. These tolerances only apply to the materials
covered in Table 9.
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Table 11 — Maximum tolerance range limits for alloying elements (PSL 3 and PSL 4)

Element Maximum tolerance range? for alloying elements
% mass fraction
Carbon and Martensitic 45K material
low-alloy steel stainless steels for welding neck
flanges
Carbon 0,08 0,08 NA
Manganese 0,40 0,40 NA
Silicon 0,30 0,35 NA
Nickel 0,50 1,00 NA
Chromium 0,50 NA NA
Molybdenum 0,20 0,20 NA
Vanadium 0,10 0,10 NA
@  These values are the total allowable variation in any one element and shall not exceed
the maximum specified in Table 9.

5.5 Ring gaskets

5.5.1 Material

Ring gasket material shall conform to the manufacturer's written specification.

5.5.2 Material qualification testing
The following apply:

a) tensile testing: none specified;

b) impact testing: none specified,;

c) hardness requirements: shall be as given in Table 12:

Table 12 — Hardness requirements

Material Maximum hardness
HRB
Soft iron 56
Carbon and low alloys 68
Stainless steel 83
Nickel alloy UNS N08825 92
Other CRAs a
@  Hardness shall meet manufacturer's written specification.
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5.5.3 Processing

5.5.3.1 Melting, casting and hot working

The following apply:

a) melting practices:
The manufacturer shall select and specify the melting practice(s) used to fabricate ring gaskets. The melt
shop shall use practices which produce homogeneous material, free from cracks, banding, piping and
flakes.

b) casting practices:
Centrifugal casting shall be the only acceptable method of casting ring gaskets.

c) hot-working practices:

Wrought products shall be hot-worked throughout. Ring gaskets may be made from pierced tubing or pipe,
rolled rings or rolled and welded bar or plate.

5.56.3.2 Heat treating

The following apply:

a) equipment qualification:
All heat treating of parts and QTCs shall be performed with equipment meeting the requirements
specified by the manufacturer. A recommended practice for heat-treating furnace calibration can be found
in Annex M.

b) method:

Heat-treatment operations shall be in accordance with the manufacturer's written specification.

Ring gaskets shall be either annealed, normalized or solution-treated as the last stage of material
processing prior to the final machining.

5.5.4 Chemical composition

The chemistry of ring gaskets shall be as described in the manufacturer's written specification.
5.6 Test coupons

5.6.1 General

The properties exhibited by the TCs shall represent the properties of the thermal response of the material
comprising the production parts it qualifies.

Depending upon the hardenability of a given material, the results obtained from TCs might not always
correspond with the properties of the actual components at all locations throughout their cross-section.

A single TC may be used to represent the impact and/or tensile properties of the part(s) produced from the
same heat, provided it satisfies the requirements of this International Standard.

For batch heat treatment only, if the TC is a trepanned core or prolongation removed from a production part,

or a sacrificial production part, the TC is permitted to qualify only production parts having the same or smaller
ER. The TC shall qualify only material and parts produced from the same heat.
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For material heat treated in a continuous furnace, the TC shall consist of a sacrificial production part or a
prolongation removed from a production part. The sacrificial production part or prolongation TC shall qualify
only production parts having identical size and shape. The TC shall qualify only material and parts produced
from the same heat and heat-treat lot.

When a prolongation is used, it shall remain integrally attached during all heat-treatment operations except
post-weld heat treatment, stress relief and any re-tempering or re-aging that can be required. For tubular
components, bar stock, mill shapes and other raw material with a uniform cross-section, the prolongation shall
have the same cross-section as that of the raw material. For a production part with a complex shape or
varying cross-section, it is not necessary that the prolongation be an extension of the largest cross-section of
the part. However, the extension shall meet or exceed the minimum ER required for a separate TC.

5.6.2 Equivalent round
The following apply:
a) selection:
The size of a TC for a part shall be determined using the ER methods given in 5.6.2 b).
b) ER methods:

Figure 3 illustrates the basic models for determining the ER of simple solid and hollow parts and more
complicated parts.

The ER of a part shall be determined using the actual dimensions of the part in the “as-heat-treated”
condition.

The ER of a studded type part shall be determined by using a thickness, T, equal to that of the thickest
flange of that part. ER determination for these parts shall be in accordance with the methods for
complexly shaped parts.

C) size requirements:

The ER of the TC shall be equal to or greater than the dimensions of the part it qualifies, except as
follows:

— forging: size not required to exceed 63 mm (21/2 in) ER.
— casting: size not required to exceed size shown in ASTM A703/A703M-08a, Figure 1.

At the option of the manufacturer, the ER of the TC can meet ASME BPVC:2004 with 2005 and 2006
addenda, Section VI, Division 2, AM-201 and AM-202 in place of the above requirements.
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Figure 3 — Equivalent round models (continued)
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c) Keel block configuration, ER equals 2,3R

a  When L is less than T, consider section as a plate of L thickness. Area inside dashed lines is the T envelope for test
specimen removal.

b When L is less than D, consider as a plate of T thickness.
¢ On multi-flanged components, T shall be the thickness of the thickest flange.
d  Where T'is the thickness when the component is heat treated as in T, use the larger of the two indicated dimensions.

€  Bodies with screwed and open ends.

f Envelope for test specimen removal.

NOTE  When all internal and external surfaces during heat treatment are within 13 mm (1/2 in) of the final surfaces,
ER=1"/4T. When all internal and external surfaces during heat treatment are not within 13 mm (1/2 in) of the final
surfaces, then ER = 2T.

Figure 3 — Equivalent round models

5.6.3 Processing

5.6.3.1  Melting, casting and hot working

The following apply:

a) melting practices:
In no case shall the TC be processed using a melting practice(s) cleaner than that of the material it
qualifies [e.g. a TC made from a remelt grade or vacuum-degassed material shall not qualify material
from the same primary melt that has not experienced the identical melting practice(s)]. Remelt-grade
material removed from a single remelt ingot may be used to qualify other remelt-grade material that is
from the same primary melt; no additional alloying shall be performed on these individual remelt ingots.

b) casting practices:

The manufacturer shall use the same foundry practice(s) for the TC as those used for the parts it qualifies,
to assure accurate representation.

c) hot-working practices:
The manufacturer shall use on the TC hot-working ratios that are equal to or less than those used in

processing the production part(s) it qualifies. The total hot-work ratio for the TC shall not exceed the total
hot-work ratio of the part(s) it qualifies.
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5.6.3.2 Welding

Welding on the TC is not allowed, except for attachment-type welds.

5.6.3.3 Heat treating
The following apply:
a) equipment qualification:
All heat-treatment operations shall be performed utilizing equipment qualified in accordance with 5.8.
b) method for batch heat treatment:

The TC shall experience the same specified heat treatment processing as the part(s) it qualifies. The TC
shall be heat treated using the manufacturer's specified heat-treating procedure(s).

c) method for continuous furnace:

For material heat treated in a continuous furnace, the TC shall be from the same heat and heat-treat lot
as the material it qualifies.

5.6.4 Material qualification

5.6.4.1 Tensile and impact test specimens

If tensile and/or impact test specimens are required, they shall be removed from a TC after the final TC heat-
treatment cycle. Multiple TCs may be used, provided that all applicable TC requirements of this International
Standard are met and that the TCs are processed through heat treatment using the same furnace set points and
times.

Test specimens shall be removed from the TC such that their longitudinal centreline axis is wholly within the
centre core '/, T envelope for a solid TC or within 3 mm (1/8 in) of the mid-thickness of the thickest section of a
hollow TC (see Figure 3). For TCs larger than the size specified in 5.6.2 c), it is not necessary that the test
specimens be removed from a location farther from the TC surface than would be required if the specified TC
size were used.

Test specimens shall be removed from the TC such that the tensile specimen gauge length and
Charpy V-notch root are at least 1/4Tfrom the ends of the TC.

If a sacrificial production part is used as a TC, the test specimens shall be removed from a section of the part
meeting the size requirements for a TC for that production part as defined in 5.6.2.

Standard-sized, 12,7 mm (0,500 in) diameter tensile specimens shall be used to qualify carbon, low-alloy and
stainless steels, unless the physical configuration of the TC prevents their use. In this case, the standard sub-
size specimens referenced in ASTM A370 may be used. Either standard 12,7 mm (0,500 in) or standard sub-
size specimens (see ASTM A370) may be used to qualify CRA materials.

Standard-sized impact specimens, 10 mm x 10 mm in cross-section, shall be used, except where there is
insufficient material, in which case the next smaller standard size specimen obtainable shall be used. Impact
specimens shall be removed such that the notch is within the 1/4Tenvelope.

5.6.4.2 Hardness testing
At least one Rockwell or Brinell hardness test shall be performed on the TC after the final heat-treatment cycle.

The TC heat-treatment cycles prior to hardness testing shall be the very same heat-treatment cycles
experienced by the tensile and impact test specimens.

Hardness testing shall be performed in accordance with procedures specified in 1SO 6506 (all parts) or
ISO 6508 (all parts), or ASTM E10 or ASTM E18.
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5.7 Qualification test coupons

5.7.1 General

The properties exhibited by the QTCs shall represent the properties of the thermal response of the material
comprising the production parts it qualifies.

Depending upon the hardenability of a given material, the QTC results might not always correspond to the
properties of the actual components at all locations throughout their cross-section.

A single QTC may be used to represent the impact and/or tensile properties of the part(s) produced from the
same heat, provided it satisfies the requirements of this International Standard.

For batch heat-treatment only, if the QTC is a trepanned core or prolongation removed from a production part,
the QTC may qualify only production parts having the same or smaller ER. The QTC shall qualify only material
and parts produced from the same heat.

For material heat-treated in a continuous furnace, the QTC shall consist of a sacrificial production part or a
prolongation removed from a production part. The sacrificial production part or prolongation QTC shall qualify
only production parts having an identical size and shape. The QTC shall qualify only material and parts
produced from the same heat and heat-treat lot.

When a prolongation is used, it shall remain integrally attached during all heat treatment operations, except
post-weld heat treatment, stress relief, and any re-tempering or re-aging that can be required. For tubular
components, bar stock, mill shapes and other raw material with a uniform cross-section, the prolongation shall
have the same cross-section as that of the raw material. For a production part with a complex shape or

varying cross-section, it is not necessary that the prolongation be an extension of the largest cross-section of
the part. However, the extension shall meet or exceed the minimum ER required for a separate QTC.

5.7.2 Equivalent round

5.7.21 Selection

The size of a QTC for a part shall be determined using the ER methods given in 5.7.2.2.

5.7.2.2 ER methods

Figure 3 illustrates the basic models for determining the ER of simple solid and hollow parts and more
complicated parts.

The ER of a part shall be determined using the actual dimensions of the part in the “as-heat-treated” condition.
The ER of a studded type part shall be determined by using a thickness, T, equal to that of the thickest flange

of that part. An ER determination for these parts shall be in accordance with the methods for complex-shaped
parts.

5.7.2.3  Size requirements
The ER of the QTC shall be equal to or greater than the dimensions of the part it qualifies, except as follows:
a) for PSL 2;

1) forging: size not required to exceed 63 mm (21/2 in) ER,

2) casting: size not required to exceed size shown in ASTM A703/A703M,;
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for PSL 3 and PSL 4: size not required to exceed 125 mm (5 in) ER.

At the option of the manufacturer, the ER of the QTC can meet ASME BPVC:2004 with 2005 and 2006
addenda, Section VI, Division 2, AM-201 and AM-202, in place of the above requirements.

5.7.3 Processing

5.7.31 Melting, casting and hot working

The following apply:

a)

melting practices:

In no case shall the QTC be processed using a melting practice(s) cleaner than that of the material it
qualifies [e.g. a QTC made from a remelt-grade or vacuum-degassed material shall not qualify material
from the same primary melt that has not experienced the identical melting practice(s)]. Remelt-grade
material removed from a single remelt ingot may be used to qualify other remelt-grade material that is
from the same primary melt; no additional alloying shall be performed on these individual remelt ingots.
However, remelt-grade (consumable electrode process) material used to fabricate parts having a PSL 4
shall be qualified on a remelt-ingot basis.

casting practices:

The manufacturer shall use the same foundry practice(s) for the QTC as those used for the parts it
qualifies to assure accurate representation.

hot-working practices:
The manufacturer shall use on the QTC hot-working ratios that are equal to or less than those used in

processing the production part(s) it qualifies. The total hot-work ratio for the QTC shall not exceed the
total hot-work ratio of the part(s) it qualifies.

5.7.3.2 Welding

Welding on the QTC is not allowed, except for attachment-type welds.

5.7.3.3 Heat treating

The following apply:

a)

equipment qualification:
All heat-treatment operations shall be performed utilizing equipment qualified in accordance with 5.8.
method for batch heat-treatment:

The QTC shall experience the same specified heat-treatment processing as the part(s) it qualifies. The
QTC shall be heat-treated using the materials manufacturer's specified heat-treating procedure(s).

If the QTC is not heat-treated as part of the same heat-treatment load as the part(s) it qualifies, the
austenitizing, solution-treating or age-hardening (as applicable) temperatures for the QTC shall be within
14 °C (25 °F) of those for the part(s). The tempering temperature for the part(s) shall not be lower than
14 °C (25 °F) below that of the QTC. The upper limit shall not be higher than that permitted by the heat-
treat procedure for that material. The cycle time at each temperature shall not exceed that for the part(s).

method for continuous furnace:

For material heat-treated in a continuous furnace, the QTC shall be from the same heat and heat-treat lot
as the material it qualifies.
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5.7.4 Material qualification

5.7.41 Tensile and impact test specimens

If tensile and/or impact test specimens are required, they shall be removed from a QTC after the final QTC
heat-treatment cycle. Multiple QTCs may be used, provided that all the applicable QTC requirements of this
International Standard are met and the QTCs are processed through heat treatment using the same furnace
set points and times.

Test specimens shall be removed from the QTC such that their longitudinal centreline axis is wholly within the
centre core '/,T envelope for a solid QTC or within 3 mm (1/8 in) of the mid-thickness of the thickest section of
a hollow QTC (see Figure 3).

For QTCs larger than the size specified in 5.7.2.3, it is not necessary that the test specimens be removed from
a location farther from the QTC surface than would be required if the specified QTC size were used.

Test specimens shall be removed from the QTC such that the tensile specimen gauge length and
Charpy V-notch root are at least '1,T from the ends of the QTC.

If a sacrificial production part is used as a QTC, the test specimens shall be removed from a section of the
part meeting the size requirements for a QTC for that production part as defined in 5.7.2.

Standard-sized, 12,7 mm (0,500 in) diameter tensile specimens shall be used, unless the physical
configuration of the QTC prevents their use. In this case, the standard sub-size specimens referenced in
ASTM A370 may be used.

Standard-sized impact specimens, 10 mm x 10 mm in cross-section, shall be used, except where there is

insufficient material, in which case the next smaller standard-size specimen obtainable shall be used. Impact
specimens shall be removed such that the notch is within the T envelope.

5.7.4.2 Hardness testing

At least one Rockwell or Brinell hardness test shall be performed on the QTC(s) after the final heat-treatment
cycle.

The QTC heat-treatment cycles prior to hardness testing shall be the very same heat-treatment cycles

experienced by the tensile and impact test specimens. Hardness testing shall be performed in accordance
with the procedures in ISO 6506 (all parts) or ISO 6508 (all parts), or ASTM E10 or ASTM E18.

5.8 Heat-treating equipment qualification

All heat treating of parts, QTCs and TCs shall be performed with “production type” equipment meeting the
requirements specified by the manufacturer. A recommended practice for heat-treating furnace calibration can
be found in Annex M.

“Production type” heat-treating equipment shall be considered equipment that is routinely used to process
production parts having an ER equal to or greater than the ER of the subject TC.

5.9 Material qualification

If reference to 5.9 is given in this International Standard, the manufacturer shall specify the methods
necessary to qualify and test materials.

5.10 Pressure-boundary penetrations

Material requirements for pressure-boundary penetrations shall be as specified by the manufacturer.
Pressure-boundary penetrations directly exposed to well-bore fluid and used in sour service (material
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classes DD, EE, FF, and HH) shall meet the requirements of ISO 15156 (all parts) (NACE MR0175; see
Clause 2).

5.11 Wear bushings

Material requirements for wear bushings shall be as specified by the manufacturer. The hardness of the
material shall be between 241 HBW and 321 HBW.

5.12 Clamp hub-end connectors
Material requirements for clamp hubs, specified dimensionally in ISO 13533, shall be equal to the material

requirements of the equipment to which the clamp hub is connected. Minimum requirements are those for
PSL 2 bodies, bonnets and end and outlet connections (see 5.4).

6 Welding — General requirements

6.1 General
Requirements are established for the following four types of welds:
a) non-pressure-containing weldments other than weld overlays: PSL 1 to PSL 3;

b) pressure-containing fabrication weldments for bodies, bonnets, end and outlet connections, bullplugs,
valve-removal plugs and back-pressure valves: PSL 1 to PSL 3;

c) pressure-containing repair weldments for bodies, bonnets, end and outlet connections, bullplugs, valve-
removal plugs and back-pressure valves: PSL 1 to PSL 3;

d) Weld overlay for corrosion resistance and/or hard facing and other material surface property controls:
PSL 1 to PSL 4.

6.2 Non-pressure-containing weldments other than weld overlays — PSL 1 to PSL 3
The following apply:
a) welding procedure/performance:

Welding procedures and performance qualifications shall be in accordance with ASME BPVC:2004,
Section IX, Articles Il and Il with 2005 and 2006 addenda.

b) application:

Welding shall be performed in accordance with qualified procedures by qualified welding personnel. Non-
pressure-containing weldments shall meet the manufacturer's design requirements.

c) quality control requirements:

Welding and completed welds shall meet the requirements of Table 18.

6.3 Pressure-containing fabrication weldments for bodies, bonnets, end and outlet
connections, bullplugs, valve-removal plugs and back-pressure valves

6.3.1 General

No fabrication welding is allowed on bullplugs and valve-removal plugs.
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6.3.2 PSL1

6.3.2.1  Joint design

Design of groove and fillet welds with tolerances shall be documented in the manufacturer's specifications.
Annex E recommends weld-preparation designs.

6.3.2.2 Materials

The following apply:

a)

b)

welding consumables:

Welding consumables shall conform to the American Welding Society's or manufacturer's specifications.
The manufacturer shall have a written procedure for storage and control of welding consumables.
Materials of low-hydrogen type shall be stored and used as recommended by the manufacturer of the
welding consumable to retain their original low-hydrogen properties.

deposited weld metal properties:

The deposited weld metal mechanical properties, as determined by the procedure qualification record
(PQR), shall meet or exceed the minimum specified mechanical properties for the base material.

6.3.2.3 Welding procedure qualifications

The following apply:

a)

b)

c)

d)

52

written procedure:

Welding shall be performed in accordance with welding procedure specifications (WPS), written and
qualified in accordance with ASME, BPVC:2004, Section IX, Article Il. The WPS shall describe all the
essential, non-essential and supplementary essential (if required; see ASME, BPVC:2004, Section IX)
variables.

The PQR shall record all essential and supplementary essential (if required) variables of the weld
procedure used for the qualification test(s). Both the WPS and the PQR shall be maintained as records in
accordance with the requirements of 7.5.

base metal groupings:

The manufacturer may establish a P-number grouping for material(s) not listed in ASME, BPVC:2004,
Section IX.

heat-treat condition:

All testing shall be done with the test weldment in the post-weld heat-treated condition. Post-weld heat
treatment of the test weldment shall be in accordance with the manufacturer's written specifications.

hardness testing:

For material classes DD, EE, FF and HH, hardness tests across the weld and base-material heat-affected
zone (HAZ) cross-section shall be performed and recorded as part of the PQR. Results shall be in
accordance with ISO 15156 (all parts) (NACE MRO0175; see Clause 2).

The manufacturer shall specify the hardness testing locations in order to determine maximum hardness.
Testing shall be performed on the weld and base-material HAZ cross-section in accordance with
ISO 6508 (all parts) or ASTM E18, Rockwell method; or ISO 6507 (all parts), using the 98 N method or
ASTM E92, Vickers 10 kgf method. Results shall be converted to Rockwell C, as applicable. ISO 18265
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or ASTM E140 shall be used for the conversion of hardness readings for materials within the scope of
their application. Other conversion tables also exist. Users may establish correlations for individual
materials outside the scope of ISO 18265 or ASTM E140.

hardness testing (optional) for minimum mechanical properties:

For the purposes of hardness inspection and qualifying production weldments, a minimum of three
hardness tests in the weld metal shall be made and recorded as part of the PQR. These tests shall be
made by the same methods as used to inspect production weldments. These tests may be used to qualify
weld metal with a hardness less than that established in 7.4.2.1.3 ¢) in accordance with the methods
shown in 7.4.2.1.3 b).

impact testing:

If impact testing is required for the base material, the testing shall be performed in accordance with
ISO 148 (all parts) or ASTM A370 using the Charpy V-notch technique. Results of testing in the weld and
base-material HAZ shall meet the minimum requirements of the base material. Records of results shall
become part of the PQR.

Any retests of impact testing shall be in accordance with ISO 148 (all parts) or ASTM A370.

6.3.2.4 Welder performance qualification

The following apply:

a)

testing requirements:

Welders and welding operators shall be qualified in accordance with ASME, BPVC:2004, Section IX,
Article 111

records:

Records of welder performance qualification (WPQ) tests shall be in accordance with ASME, BPVC:2004,
Section IX.

6.3.2.5 Welding requirements

The following apply:

a)

qualifications:

Welding shall be in compliance with the qualified WPS and shall be performed by qualified
welders/welding operators.

use of WPS:

Welders and welding operators shall have access to, and shall comply with, the welding parameters as
defined in the WPS.

designed welds:

All welds that are considered part of the design of a production part shall be specified by the
manufacturer to describe the requirements for the intended weld.

preheating:

Preheating of assemblies or parts, if required by the WPS, shall be performed to manufacturer's written
procedures.
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6.3.2.6 Post-weld heat treatment
Post-weld heat treatment shall be in accordance with the applicable qualified WPS.

Welds may be locally post-weld heat-treated. The manufacturer shall specify procedures for the use of local
post-weld heat treatment.

6.3.2.7 Welding controls
The following apply:
a) procedures:

The manufacturer's welding control system shall include procedures for monitoring, updating and
controlling the qualification of welders/welding operators and the use of welding procedure specifications.

b) instrument calibration:

Instruments to indicate temperature, voltage and amperage shall be serviced and calibrated in
accordance with the manufacturer's written specifications.

6.3.3 PSL2

6.3.3.1 General

The requirements for PSL 1 shall apply for PSL 2 with the addition of the requirements given in 6.3.3.2 to
6.3.3.4.

6.3.3.2 Welding procedure qualification
The following apply:
a) base metal groupings:

Each base material that is not listed in an ASME, BPVC:2004, Section IX, P-number or S-number
grouping shall be specifically qualified by the manufacturer.

b) impact testing:
If impact testing is required for the base material, two sets of three test specimens shall be removed: one
set from the weld metal and one set from the base-material HAZ. At least one face of each specimen
shall be within 1/4T of the surface of the material, where T is the thickness of the weldment. The root of
the notch shall be oriented normal to the surface of the test weldment and located as follows:

— weld metal specimens (3 each): 100 % weld metal;

— HAZ specimens (3 each): to include as much HAZ material as possible.

6.3.3.3 Post-weld heat treatment — Furnace heating

Furnace post-weld heat treatment shall be performed with equipment meeting the requirements specified by
the manufacturer.

6.3.3.4 Post-weld heat treatment — Local heating

Local post-weld heat treatment shall consist of heating a circumferential band around the weld at a
temperature within the range specified in the qualified WPS. The minimum width of the controlled band at
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each side of the weld on the face of the greatest weld width shall be the thickness of the weld or 50 mm (2 in)
from the weld edge, whichever is less. Heating by direct flame impingement on the material shall not be
permitted.

6.34 PSL3

6.3.4.1 General

The requirements for PSL 1 and PSL 2 shall apply for PSL 3 with the addition of the requirements given in
6.3.4.2t06.3.4.4.

6.3.4.2 Welding procedure qualification

6.3.4.21 Heat treatment
The post-weld heat treatment of the test weldment shall be in the same temperature range as that specified

on the WPS. Allowable range for the post-weld heat treatment on the WPS shall be a nominal temperature
range, £ 14 °C (£ 25 °F).

6.3.4.2.2 Chemical analysis

Chemical analysis of the base materials and filler metal for the test weldment shall be obtained from the
supplier or by testing, and shall be part of the PQR.

6.3.4.2.3 Hardness testing

If the welding procedure is being qualified for use on parts or equipment used in material classes DD, EE, FF
or HH, hardness testing shall be by the Rockwell method in accordance with ISO 6508 (all parts) or
ASTM E18 or the Vickers 98 N method in accordance with 1ISO 6507 (all parts) or the 10 kgf method in
accordance with ASTM E92 as follows.

a) Rockwell method:

Test locations shall be as shown in Figure 4.

For a weld cross-section thickness less than 13 mm (1/2 in), four hardness tests shall be made in each of
the base material(s), the weld and the HAZ.

For a weld cross-section thickness equal to or greater than 13 mm (1/2 in), six hardness tests shall be
made in each of the base material(s), the weld and the HAZ.

For all thicknesses, HAZ hardness tests shall be performed in the base material within 2 mm (1/16 in) of
the weld interface and at least one within 3 mm (1/8 in) from each of the top and the bottom of the weld.
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Dimensions in millimetres (inches)
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Figure 4 — Welding procedure qualification — Rockwell hardness test locations — PSL 3

b) Vickers 98 N method in accordance with ISO 6507 (all parts), or the Vickers 10 kgf method in accordance
with ASTM E92:

Test locations shall be as shown in Figure 5.

For a weld cross-section thickness less than 13 mm (1/2 in), four hardness tests shall be made in each of
the base material(s) and the weld.

For a weld cross-section thickness equal to or greater than 13 mm (1/2 in), six hardness tests shall be
made in each of the base material(s) and the weld.

For all thicknesses, multiple HAZ hardness tests equally spaced 3 mm (1/8 in) apart shall be performed in
each of the base materials within 0,3 mm (0,010 in) of the weld interface with at least one within 2 mm
(1/16 in) from the top and the bottom of the weld.

6.3.4.3 Welding controls

Instruments, meters and gauges used to confirm welding parameters shall be serviced and calibrated to the
manufacturer's written specifications by equipment traceable to a nationally or internationally recognized
standard specified by the manufacturer. The calibration intervals shall be a maximum of six months until
recorded calibration history can be established by the manufacturer. Intervals may be lengthened (six months
maximum increment) or shall be shortened based on the recorded history. Written records shall document the
calibration date, procedure used, accuracy, frequency and hardness results.
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Figure 5 — Welding procedure qualification — Vickers hardness test locations — PSL 3

6.3.4.4 Application
The post-weld heat treatment of the production weldment shall be in the same temperature range as that

specified on the WPS. The stress-relieving heat-treatment time(s) at temperature of production parts shall be
equal to or greater than that of the test weldment.

6.3.5 PSL4
Welding is not permitted, except for weld overlay.
6.3.6 Quality control requirements

Requirements for pressure-containing welds are shown in Table 18.

6.4 Pressure-containing repair weldments for bodies, bonnets, end and outlet connections,
bullplugs, valve-removal plugs and back-pressure valves

6.41 PSL1
The following apply:

a) general:

All repair welding procedures shall define the WPS and NDE requirements.

Welding shall be performed in accordance with the specified WPS.

© 1SO 2009 — All rights reserved 57



ISO 10423:2009(E)

b) base material:
The base-material requirements for material composition, material designation as specified in this
International Standard, impact strength (if required), and heat-treatment condition shall be known prior to
selecting a qualified WPS.
c) fusion:
The WPS selected and the access for repair shall be such to ensure complete fusion.
d) PQR:
The WPS selected shall be supported by a PQR as described in 6.3.2.3.
e) repair welding:
Repair welding of bullplugs, valve-removal plugs and back-pressure valves shall not be allowed.
f) access:
There shall be access to evaluate, remove and inspect the non-conforming condition; see also 7.4.2.2.13.
g) welder/welding operator qualification:

The welder/welding operator shall possess a valid qualification in accordance with 6.3.2.4.

6.4.2 PSL 2and PSL 3

The requirements for PSL 1 shall apply for PSL 2 and PSL 3 with the addition of the following requirements for
bolt hole, tapped hole, and machined blind hole repair.

The following apply.

a) The welder/welding operator shall perform an additional repair-welding performance qualification test
using a mock-up hole.

b) The repair-welding-qualification test hole shall be qualified by radiography in accordance with 7.4.2.2.14
or shall be cross-sectioned through the centreline of the hole in two places 90° apart and macro-etched to
confirm complete fusion. One surface of each of the four matching segments shall be macro-etched. This
evaluation shall include the total depth of the hole.

c) The repair-weld qualification shall be restricted by the following essential variables for performance
controls.

— The hole diameter used for the performance-qualification test is the minimum diameter qualified. Any
hole with a diameter greater than the diameter used for the test shall be considered qualified.

— The depth-to-diameter ratio of the test hole shall qualify all repairs to holes with a same or smaller
depth-to-diameter ratio.

— The performance-qualification test hole shall have straight parallel walls. If any taper, counter-bore or
other aid is used to enhance the hole configuration of the performance test, that configuration shall
be considered an essential variable.

6.4.3 PSL4

Repair welding is not permitted.
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6.4.4 Quality control requirements

Weld NDE shall conform to requirements as defined by the manufacturer and by this International Standard in
accordance with Table 18.

6.5 Weld overlay for corrosion resistance and/or hard facing and other material surface
property controls

6.51 PSL1
6.5.1.1 Ring grooves

6.5.1.1.1 General

The provisions of 6.5.1.1 apply to ring grooves in loose connectors and in integral end and outlet connections.

6.5.1.1.2 Welding procedure/performance qualification

Qualification shall be in accordance with ASME, BPVC:2004, Section IX, Articles Il and Ill, for weld overlay.

The following apply:

a) chemical analysis:
Chemical analysis shall be performed on the weld metal in accordance with the requirements of ASME,
BPVC:2004, Section IX, at a location 3 mm (0,125 in) or less from the original base-metal surface. The
chemical composition of the deposited weld metal at that location shall be as specified by the

manufacturer.

For austentic or 300 series stainless steels, the chemical composition shall be as given in Table 13.

Table 13 — Chemical composition of austentic or 300 series stainless steels

Element Composition
% mass fraction

Nickel 8,0 min.
Chromium 16,0 min.
Carbon 0,08 max.

b) Welds for use in hydrogen sulfide service shall conform to the requirements of ISO 15156 (all parts)
(NACE MRO0175; see Clause 2).

6.5.1.1.3 Application
The following apply:
a) post-weld heat treatment:

End and outlet connections with corrosion-resistant weld-overlaid ring grooves shall be subjected to post-
weld heat treatment in accordance with the WPS.

b) ring-joint grooves for welding:

Ring-joint grooves for welding shall be prepared in accordance with Table 52.
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c) other weld preparations:

Other weld preparations may be used if the mechanical properties of the deposited weld metal equal or
exceed those of the base metal.

6.5.1.2  Other corrosion-resistant overlay

6.5.1.21 General
The provisions of 6.5.1.2 apply to use of corrosion-resistant weld overlay for bodies, bonnets, clamp hub end

connectors, and end and outlet connectors for purposes other than ring grooves. These requirements do not
apply to hard facing or to the weld overlay of valve-bore sealing mechanisms, choke trim or valve stems.

6.5.1.2.2 Welding procedure/performance qualification
Qualification shall be in accordance with ASME, BPVC:2004, Section IX, Articles Il and lll, for weld overlay.
The following apply:
a) chemical analysis:
Chemical analysis of the weld metal shall be performed in accordance with the requirements of ASME,
BPVC:2004, Section IX, at the minimum overlay thickness as specified by the manufacturer for the

finished component.

For austenitic stainless steels, the chemical composition shall be as given in Table 14:

Table 14 — Chemical composition of austenitic stainless steels

Element Composition
% mass fraction

Nickel 8,0 min.
Chromium 16,0 min.
Carbon 0,08 max.

For the nickel-based alloy UNS N06625, the chemical composition shall meet one of the classes given in
Table 15:

Table 15 — Chemical composition of the nickel-based alloy UNS N06625

Class Element Composition
% mass fraction

Fe 5 Iron 5,0 max.

Fe 10 Iron 10,0 max.

For other compositions that are required to conform to the requirements of 1SO 15156 (all parts)
(NACE MRO0175; see Clause 2), the chemical analysis of the overlay shall conform to the specification
limits of the corresponding ISO 15156 (all parts) (NACE MR0175; see Clause 2)-approved material(s).

For all other compositions, the chemical analysis of the overlay shall conform to the specified limits of the
manufacturer's written specification.
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mechanical properties:
The manufacturer shall specify the methods to assure these mechanical properties and record the results
as part of the PQR.
The base metal material shall retain the minimum mechanical property requirements after post-weld heat
treatment.
If the overlay material is not considered as part of the manufacturer's or this International Standard's
design criteria, a tensile test and an impact test of the overlay material are not required.
If the overlay material is considered as part of the manufacturer's or this International Standard's design
criteria, mechanical testing of the overlay material is required.
weld conformance to ISO 15156 (all parts) (NACE MRO0175; see Clause 2):
Welds for use in hydrogen sulfide service shall conform to the requirements of ISO 15156 (all parts)
(NACE MRO0175; see Clause 2).
If the welding procedure is to be qualified for use on bodies, bonnets or flanges used for material
classes DD, EE, FF or HH, hardness testing shall be carried out by the Rockwell method in accordance
with ISO 6508 (all parts) or ASTM E18, or the Vickers 98 N method in accordance with 1SO 6507 (all
parts) or the Vickers 10 kgf method in accordance with ASTM E92. Hardness tests shall be performed at
a minimum of three test locations in each of the base material, the heat-affected zone and in each layer of
overlay up to a maximum of two layers. See Figure 6 for required hardness test locations.
guided-bend tests:
Guided-bend tests and acceptance criteria shall be in accordance with ASME, BPVC:2004, Section IX, to
confirm weld overlay/base material bond integrity.
Dimensions in millimetres (inches)
1
2
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~
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Figure 6 — Hardness test locations for weld overlays
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6.5.1.2.3 Base material conformance to ISO 15156 (all parts) (NACE MR0175; see Clause 2)

The base material shall conform to 1ISO 15156 (all parts) (NACE MR0175; see Clause 2) after weld overlay
and any subsequent heat treatments.

6.5.1.3  Other
The use of weld overlay for purposes other than those covered by 6.5.1.1 and 6.5.1.2 does not require a
welding procedure/performance qualification. The manufacturer shall use a written procedure that provides

controls for consistently meeting the manufacturer-specified material surface properties in the final machined
condition.

6.5.1.4 Repair of weld overlays

Repairs of weld overlays, including associated base metal build-up using the overlay material, are acceptable
only provided that

a) the original applicable requirements (6.5.1.1, 6.5.1.2 or 6.5.1.3) are adhered to;

b) if the weld overlay material and/or base metal build-up for the weld overlay are considered part of the
design criteria of the manufacturer or of the design criteria of this International Standard, those properties
listed in the design criteria are met;

c) weld overlay repairs and associated base metal build-up for use in hydrogen-sulfide service conform to

the requirements of ISO 15156 (all parts) (NACE MRO0175; see Clause 2). Weld repairs of the base metal
that are not associated with the weld overlays are not allowed for PSL 4 equipment.

6.5.2 PSL 2to PSL 4

6.5.2.1 General

The requirements for PSL 2 to PSL 4 shall be identical to the requirements for PSL 1, with the addition of the
requirements given in 6.5.2.2 to 6.5.2.5.

6.5.2.2 Welding procedure/performance qualification

Qualification shall be in accordance with ASME, BPVC:2004, Section IX, Articles Il and IIl, for weld overlay,
hard facing or other types of overlay, as applicable.

6.5.2.3 Mechanical properties
The base material shall retain the minimum mechanical property requirements after post-weld heat treatment.

The manufacturer shall specify the methods to assure these mechanical properties and record the results as
part of the PQR.

6.5.2.4 Hardness testing for ring groove overlay
Hardness testing shall be performed in the weld metal as part of the procedure qualification testing. Test

locations shall be within 3 mm (0,125 in) of the original base material. The average of three or more test
results shall be equal to or greater than 83 HRB and recorded as part of the PQR.

6.5.2.5 Quality control requirements

The quality control requirements for weld metal overlays are shown in Table 18.
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For the use of weld overlay for purposes other than those covered in 6.5.1.1 and 6.5.1.2, welding
procedure/performance qualification requirements are not specified. The manufacturer shall use a written
procedure that provides controls for consistently meeting the manufacturer-specified material surface
properties in the final machined condition.

7 Quality control

7.1 General

Clause 7 specifies the quality control requirements and quality control record requirements for equipment and
material manufactured to meet this International Standard.

7.2 Measuring and testing equipment

7.21 General
Equipment used to inspect, test or examine material or other equipment shall be identified, controlled,
calibrated and adjusted at specified intervals in accordance with documented manufacturer instructions, and

consistent with nationally or internationally recognized standards specified by the manufacturer, to maintain
the accuracy required by this International Standard.

7.2.2 Pressure-measuring devices

7.221 Type and accuracy

Test pressure-measuring devices shall be accurate to at least + 2 % of full-scale range. If pressure gauges
are used in lieu of pressure transducers, they shall be selected such that the test pressure is indicated within
20 % and 80 % of the full-scale value.

Pressure recording devices (see 7.4.9.5.3) are outside the scope of 7.2.2 unless used for both measurement
and recording.

7.2.2.2 Calibration procedure
Pressure-measuring devices shall be periodically calibrated with a master pressure-measuring device or a

dead-weight tester to at least three equidistant points of full scale (excluding zero and full scale as required
points of calibration).

7.2.2.3 Calibration intervals

Calibration intervals shall be established for calibrations based on repeatability and degree of usage. Intervals
may be lengthened and shall be shortened based on recorded calibration history.

Calibration intervals shall be a maximum of three months until recorded calibration history can be established
by the manufacturer and new longer intervals (three months maximum increment) established.

7.3 Quality-control personnel qualifications

7.3.1 Non-destructive examination personnel

Personnel performing NDE shall be qualified in accordance with the manufacturer's documented training
programme that is based on the requirements specified in ISO 9712, EN 473 or ASNT SNT-TC-1A.
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7.3.2 Visual examination personnel
Personnel performing visual inspection for acceptance shall take and pass an annual vision examination in

accordance with the manufacturer's documented procedures that meet the applicable requirements of
ISO 9712, EN 473, or ASNT SNT-TC-1A.

7.3.3 Welding inspectors

Personnel performing visual inspections of welding operations and completed welds shall be qualified and
certified as

— AWS-certified welding inspector, or
— AWS-senior certified welding inspector, or
— AWS-certified associate welding inspector, or

— welding inspector certified by the manufacturer's documented training programme.

7.3.4 Other personnel

All other personnel performing measurements, inspections or tests for acceptance shall be qualified in
accordance with the manufacturer's documented procedures and requirements.

7.4 Quality control requirements
7.41 General

7.41.1 Quality control tables

Tables 32 to 36 provide a matrix of quality control requirements for specific parts and equipment.

7.41.2 Materials
Clause 5 provides detailed qualification requirements for mandrel tubing hangers and casing hangers; bodies,

bonnets, end and outlet connections; ring gaskets; bullplugs and valve-removal plugs; back-pressure valves;
pressure-boundary penetrations; wear bushings; clamp hub end connectors and qualification test coupons.

7.4.1.3 Quality control instructions

All quality control work shall be controlled by the manufacturer's documented instructions, which include
appropriate methodology and quantitative or qualitative acceptance criteria.

NDE instructions shall be detailed regarding the requirements of this International Standard and those of all

applicable nationally or internationally recognized standards specified by the manufacturer. All NDE
instructions shall be approved by a level Il examiner.

7.41.4 Acceptance status

The acceptance status of all equipment, parts and materials shall be indicated either on the equipment, parts
or materials or in records traceable to the equipment, parts or materials.

7.41.5 Material classes DD, EE, FF and HH

Each pressure-containing or pressure-controlling part for use in HoS service shall be hardness-tested
individually to confirm that the ISO 15156 (all parts) (NACE MR0175; see Clause 2) hardness values have
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been satisfied (except for ring gaskets, which may be sampled in accordance with 7.4.6.3). If the other
requirements of 7.4.1 satisfy this requirement, additional testing or examination is not required.

7.4.2 Bodies, bonnets, end and outlet connections and clamp hub end connectors

NOTE See Table 17.

7421 PSL1

74211 Tensile testing

Tensile testing shall be in accordance with 5.4.2.2.

7.4.21.2 Impact testing

Impact testing shall be in accordance with 5.4.2.4.

7.4.21.3 Hardness testing

The following apply:

a)

sampling:
Loose connectors do not require hardness testing.

For bodies, bonnets, end and outlet connections and clamp hub end connectors with 13,8 MPa, 20,7 MPa
and 34,5 MPa (2 000 psi, 3 000 psi and 5 000 psi) working pressure, sampling shall be in accordance
with 1ISO 2859-1:1999, level Il, 4,0 AQL.

For bodies, bonnets, end and outlet connections and clamp hub end connectors with 69,0 MPa,
103,5 MPa and 138,0 MPa (10 000 psi, 15 000 psi and 20 000 psi) working pressure, each part shall be
hardness-tested.

test method:

Hardness testing shall be performed in accordance with procedures specified in ISO 6506, parts 1
through 4 or ASTM E10 (Brinell), or ISO 6508, parts 1 through 3 or ASTM E18 (Rockwell).

Portable hardness testers meeting the requirements of ASTM E110 and ISO 6506 (all parts) or
ASTM E10, or ISO 6508 (all parts) or ASTM E18, as applicable, may be used for hardness testing.

ISO 18265 or ASTM E140 shall be used for the conversion of hardness readings for materials within the
scope of their application. Other conversion tables also exist. Users may establish correlations for
individual materials outside the scope of ISO 18265 or ASTM E140.

Tests shall be performed at a location determined by the manufacturer's specifications and following the
last heat-treatment cycle (including all stress-relieving heat-treatment cycles) and all exterior machining at
the test location.

If bodies, end and outlet connections and clamp hub ends have different material designations, each part
shall be tested.
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c)

acceptance criteria:

Parts shall exhibit the minimum values given in Table 16:

Table 16 — Minimum hardness values

Material designation Minimum Brinell hardness
36K HBW 140
45K HBW 140
60K HBW 174
75K HBW 197

Parts manufactured from non-standard, high-strength materials shall meet the minimum hardness
requirements of the manufacturer's written specification.

Parts not complying with these minimum hardness levels are acceptable if the measured value satisfies
the following requirement that the average tensile strength, as determined from the tensile tests results,
shall be used with the QTC hardness measurements in order to determine the minimum acceptable
hardness value for production parts fabricated from the same heat. The minimum acceptable Brinell
hardness value for any part shall be determined by Equation (10):

R o
Hawe, min, =1_em’—2mc';(HBW,QTC) (10)
m, QT

where

Hgwe, min. 1S the minimum acceptable Brinell hardness according to the HBW method for the part
after the final heat-treatment cycle (including stress-relieving cycles);

R, min. is the minimum acceptable ultimate tensile strength for the applicable material
designation;
Em’ QTC is the average ultimate tensile strength determined from the QTC tensile tests;

Hpw.aTc is the average of the Brinell hardness values according to the HBW method observed
among all tests performed on the QTC.

7.4.2.1.4 Dimensional inspection

Dimensional inspection shall be performed on components manufactured to this PSL. The manufacturer shall
specify critical dimensions.

The following apply:

a)

b)

66

sampling:

Sampling shall be in accordance with 1SO 2859-1:1999, level I, 1,5 AQL. End and outlet connection
threads on all components shall be gauged. Critical dimensions on all components shall be verified.

test method:

Threaded end and outlet connections shall be gauged for stand-off at hand-tight assembly by use of the
gauges and gauging practices illustrated in Figures 10, 11 and 12.
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c) acceptance criteria:

The end and outlet connection threads shall be in accordance with Tables 48 and B.48, APl Spec 5B or
ASME B1.1, ASME B1.2, and ASME B1.3, as applicable.

Acceptance criteria for critical dimensions shall be as required by the manufacturer's written specification.

7.4.21.5 Visual examination
The following apply:
a) sampling:
Each part shall be visually examined.
b) test method:

Visual examinations of castings shall be performed in accordance with procedures specified in
MSS SP-55.

Visual examination of forgings shall be performed in accordance with manufacturer's written
specifications.

c) acceptance criteria:
1) for castings: in accordance with MSS SP-55:
— type 1: none acceptable,
— types 2 through 12: A and B;

2) for forgings: in accordance with manufacturer's written specifications.

7.421.6 Weld NDE — General

If examination is required (see Table 18), for all weld types, the essential welding variables and equipment
shall be monitored; welding activities shall be audited; and completed weldments [a minimum of 13 mm (1/2 in)
of surrounding base metal and the entire accessible weld] shall be examined in accordance with the methods
and acceptance criteria of Table 18.

Requirements and acceptance criteria for corrosion-resistant weld overlay of bodies, bonnets and flanges can
be different from those for other weld types and shall meet the manufacturer's written specifications. The

manufacturer's written specification for corrosion-resistant weld overlay shall include a technique for
measuring the specified overlay thickness.

7422 PSL2

7.4.2.21 Tensile testing

Tensile testing requirements for PSL 2 shall be in accordance with 5.4.2.3.

7.4.2.2.2 Impact testing

Impact testing requirements for PSL 2 shall be in accordance with 5.4.2.4.
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Table 17 — Quality control requirements for bodies, bonnets,
end and outlet connections and clamp hub end connectors

Parameter Subclause reference

PSL 1 PSL 2 PSL 3/3G PSL 4
Tensile testing 74211 74221 74221 74221
Impact testing 74212 74212 74212 74212
Hardness testing 74213 74223 74233 7.4.23.3
ISO 15156 (all parts)
(NACE MR0175; see 7415 7415 7415 7415
Clause 2)
Dimensional inspection 74214 74214 74234 74234
Traceability — 74225 74235 74235
Chemical analysis — 74226 74226 74226
Visual examination 7.4.21.5 7.4.21.5 — —

74227
Surface NDE — 74228 74238 74238
74229
Weld NDE
General 74216 74216 74216
Examination visual — 7.4.2.2.11 7.4.2.2.11 No welding
NDE surface — 742212 742212 permitted
except for
7.4.2.3.11 weld overlays

Repair welds — 742213 742213 (see 7.4.2.4.9)
NDE volumetric — 742214 7.4.2.3.12
Hardness testing — — 7.4.2.3.13
Serialization — — 7.4.2.3.14 7.4.23.14
Volumetric NDE — — 7.4.2.3.15 742411

7.4.2.2.3 Hardness testing

Hardness testing requirements for PSL 2 shall be identical to the requirements for PSL 1, except that all parts
shall be tested.

7.4.2.2.4 Dimensional inspection

Dimensional inspection requirements for PSL 2 shall be identical to the requirements for PSL 1.
7.4.2.2.5 Traceability

Job-lot traceability is required.

Identification shall be maintained on materials and parts to facilitate traceability, as required by documented
manufacturer requirements.

Manufacturer-documented traceability requirements shall include provisions for maintenance or replacement
of identification marks and identification control records.
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7.4.2.26 Chemical analysis

The following apply:

a)

sampling:
Chemical analysis shall be performed on a heat basis.
test method:

Chemical analysis shall be performed in accordance with nationally or internationally recognized
standards specified by the manufacturer.

acceptance criteria:

The chemical composition shall meet the requirements of 5.4.5 and the manufacturer's written
specification.

7.4.2.2.7 Visual examination

Visual examination requirements for non-wetted and non-sealing surfaces shall be identical to the
requirements for PSL 1. Wetted and sealing surfaces shall be examined by surface NDE methods described
in7.4.2.2.8 and 7.4.2.2.9, as applicable.

7.4.2.2.8 Surface NDE — Ferromagnetic materials

The following apply:

a)

sampling:

All accessible wetted surfaces and all accessible sealing surfaces of each finished part shall be examined
by liquid-penetrant or magnetic-particle methods after final heat treatment and final machining operations.

test method:

All ferromagnetic materials shall be examined in accordance with procedures specified in
ASTM E709 (MT) or ASTM E165 (PT). Prods are not permitted on well-fluid surfaces or sealing surfaces.

If any indications are believed to be non-relevant on the basis that they are not associated with a surface
rupture (i.e. magnetic permeability variations, non-metallic stringers), they shall be examined by liquid-
penetrant surface NDE methods, or removed and re-inspected, to confirm their non-relevancy.

acceptance criteria:

The following acceptance criteria apply:
— no relevant indication with a major dimension equal to or greater than 5 mm (3/16 in);
— no more than ten relevant indications in any continuous 40 cm? (6 in2) area;

— four or more relevant indications in a line separated by less than 1,6 mm (1/16 in) (edge to edge) are
unacceptable;

— no relevant indications in pressure contact sealing surfaces.
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7.4.2.2.9 Surface NDE — Non-ferromagnetic materials

The following apply:

a)

b)

c)

sampling:

All accessible wetted surfaces and all accessible sealing surfaces of each finished part shall be liquid-
penetrant inspected after final heat treatment and final machining operations.

test method:

All non-ferromagnetic materials shall be examined in accordance with procedures specified in
ASTM E165.

acceptance criteria:

The following acceptance criteria apply:

— no relevant linear indication;

— no relevant rounded indication with a major dimension equal to or greater than 5 mm (3/16 in);

— four or more relevant rounded indications in a line separated by less than 1,6 mm (1/16 in) (edge to
edge) are unacceptable;

— no relevant indication in pressure-contact sealing surfaces.

7.4.2.2.10 Weld NDE — General

General requirements for PSL 2 shall be identical to the requirements for PSL 1.

7.4.2.2.11 Weld examination — Visual

The following apply:

a)

b)

c)

sampling:

100 % of all welds shall be visually examined after post-weld heat treatment and machining operations.
test method:

Examinations shall include a minimum of 13 mm (1/2 in) of adjacent base metal on both sides of the weld.
acceptance criteria:

The following acceptance criteria apply.

— All pressure-containing welds shall have complete joint penetration.

— Undercut shall not reduce the thickness in the area (considering both sides) to below the minimum
thickness.

— Surface porosity and exposed slag are not permitted on or within 3 mm (1/8 in) of sealing surfaces.

7.4.2.212 Weld NDE — Surface

The following apply:

a)

70

sampling:

100 % of all pressure-containing fabrication welds and weld overlay shall be examined by either
magnetic-particle (in the case of ferromagnetic materials) or liquid-penetrant (in the case of non-
ferromagnetic materials) methods after all welding, post-weld heat treatment and machining operations.
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b) test method/acceptance: magnetic-particle examination:
Examinations shall include a minimum of 13 mm (1/2 in) of adjacent base metal on both sides of the weld.

Magnetic-particle examination shall be performed as described in 7.4.2.2.8 with additional acceptance
criteria as follows:

— no relevant linear indication;

— no rounded indication greater than 3 mm (1/8 in) for welds whose depth is 16 mm (5/8 in) or less; or
5 mm (¥4 in) for welds whose depth is greater than 16 mm (°/g in).

c) test method/acceptance: liquid-penetrant examination:

Liquid-penetrant examination shall be performed as described in 7.4.2.2.9 with additional acceptance
criterion of no rounded indications greater than 3 mm (1/8 in) for welds whose depth is 16 mm (5/8 in) or
less, or 5 mm (%46 in) for welds whose depth is greater than 16 mm (*/g in).

Table 18 — Quality control requirements for welding

Weld type Stages PSL 1 PSL 2 PSL 3/PSL 3G PSL 4
Pressure-containing Preparation — — a
Completion — ab and ab No welding
© or 9) © or 9) permitted
and ©
Non-pressure-containing Preparation — — a No welding
Completion — a aand ¢ permitted
Repair Preparation — h h
No welding
Completion — ab and abe gnd permitted
(for9) (for9)
Weld metal overlay (ring Preparation — — b b
grooves, stems, valve-bore
sealing mechanisms and . b b b
choke trim) Completion -
Weld metal corrosion- Preparation a a a a
resistant alloy overlay
(bodies, bonnets and end . b b bi bi
and outlet connections) Completion ° 2 > >

@ Visual examination.

b Liquid-penetrant testing inspection for non-ferromagnetic materials and magnetic-particle testing or liquid-penetrant testing for
ferromagnetic material.

¢ Radiation (radiography or imaging) examination.

d Ultrasonic examination.

€ Hardness test (weld).

f Ultrasonic examination only if weld thickness is greater than 25 % of wall thickness, or 25 mm (1 in), whichever is less.

9  Radiation (radiography or imaging) examination only if weld thickness is greater than 25 % of wall thickness for PSL 2, or 20 % of
wall thickness for PSL 3, or 25 mm (1 in), whichever is less.

h Liquid-penetrant or magnetic-particle as applicable for material defects only.

i Measurement of overlay thickness, testing of bond integrity and volumetric examination shall be according to the manufacturer's
specifications. If the overlay is considered part of the manufacturer's design criteria or of the design criteria of this International
Standard, volumetric examinations shall be in accordance with the methods and acceptance criteria of 7.4.2.3.15.

NOTE “Preparation” refers to surface preparation, joint preparation, fit-up and preheat.

“Completion” refers to after all welding, post-weld heat treat and machining.
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7.4.2.2.13 Repair welds

All repair welds shall be examined using the same methods and acceptance criteria as used for examining the
base metal or weld metal.

Examinations shall include 13 mm (1/2 in) of adjacent base metal on all sides of the weld.

Surfaces prepared for welding shall be examined prior to welding to ensure defect removal to acceptable
levels. Methods and acceptance criteria shall be as in 7.4.2.2.12.

7.4.2.2.14 Weld NDE — Volumetric

The following apply:

a)

b)
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sampling:

100 % of all pressure-containing welds shall be examined by either radiography or ultrasonic methods
after all welding, post-weld heat treatment and machining operations but prior to machining operations
that limit effective interpretation of the results of the examination. All repair welds where the repair is
greater than 25 % of the original wall thickness or 25 mm (1 in), whichever is less, shall be examined by
either radiography or ultrasonic methods after all welding and post-weld heat treatment. Examinations
shall include at least 13 mm (1/2 in) of adjacent base metal on all sides of the weld.

test method: radiographic examination:

Radiographic examinations shall be performed in accordance with procedures specified in ASTM E94, to
a minimum equivalent sensitivity of 2 % and a 2-2T quality level.

Both X-ray and gamma-ray radiation sources are acceptable within the inherent thickness range limitation
of each. Real-time imaging and recording/enhancement methods may be used if the manufacturer has
documented proof that these methods result in a minimum equivalent sensitivity of 2 % and a 2-2T quality
level. Wire-type image quality indicators are acceptable for use in accordance with ASTM E747.

NOTE  The first number of the quality level designation refers to the image quality indicator or penetrameter
thickness expressed as a percentage of the specimen thickness; the second number refers to the diameter of the
image quality indicator hole that it is necessary to be able to see on the radiograph, expressed as a multiple of
penetrameter thickness, T.

acceptance criteria for radiographic examination:

The following acceptance criteria apply:

— no type of crack, zone of incomplete fusion or penetration;

— no elongated slag inclusion that has a length equal to or greater than that given in Table 19:

Table 19 — Maximum length of elongated slag inclusions

Weld thickness Inclusion length
T
mm (in) mm (in)
<19,0 (0,75) 6,4 (0,25)
19,0 to 57,0 (0,75 to 2,25) 0,337 (0,337)
> 57,0 (2,25) 19,0 (0,75)
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— no group of slag inclusions in a line having an aggregated length greater than the weld thickness, T,
in any total weld length of 12T, except where the distance between successive inclusions exceeds
six times the length of the longest inclusion;

— no rounded indication in excess of that specified in ASME BPVC:2004 with 2005 and 2006 addenda,
Section VIII, Division 1, Appendix 4.

d) test method for ultrasonic examination:

Ultrasonic examinations shall be performed in accordance with procedures specified in ASME,
BPVC:2004, Section V, Subsection A, Atrticle 4.

e) acceptance criteria for ultrasonic examination:
The following acceptance criteria apply:
— no indication whose signal amplitude exceeds that of the reference level;
— no linear indication interpreted as cracks, incomplete joint penetration or incomplete fusion;

— no slag indication with amplitudes exceeding the reference level whose length exceeds those given
in Table 20:

Table 20 — Maximum amplitude of slag indications

Weld thickness Inclusion length
Ta
mm (in) mm (in)
<19,0 (0,75) 6,4 (0,25)
19,0 to 57,0 (0,75 to 2,25) 0,337 (0,337)
>57,0 (2,25) 19,0 (0,75)
@  Tis the thickness of the weld being examined. If a weld joins two members
having different thicknesses at the weld, T'is the thinner of the two thicknesses.

7423 PSL 3/3G

7.4.2.31 Tensile testing

Tensile testing requirements for PSL 3 shall be identical to the requirements for PSL 2.

7.4.2.3.2 Impact testing

Impact testing requirements for PSL 3 shall be in accordance with 5.4.2.4.

7.4.2.3.3 Hardness testing
Hardness testing requirements for PSL 3 shall be identical to the requirements for PSL 2, except that one

hardness test shall be performed on each finished part (body, bonnet, and end connections) with additional
tests on each end connection face at locations specified in the manufacturer's design documents.

7.4.2.3.4 Dimensional inspection

Dimensional inspection requirements for PSL 3 shall be identical to the requirements for PSL 1. Additionally,
inspection shall be performed on all parts.
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7.4.2.3.5 Traceability

Parts manufactured to PSL 3 shall be traceable to a specific heat and heat-treat lot.

7.4.2.3.6 Chemical analysis

Chemical analysis requirements for PSL 3 shall be identical to the requirements for PSL 2.

7.4.2.3.7 Visual examination

None required.

7.4.2.3.8 Surface NDE

Surface NDE requirements for PSL 3 shall be identical to the requirements for PSL 2 (see 7.4.2.2.8 and
7.4.2.29).

Additionally,

— all accessible surfaces of each finished part shall be inspected;
— all magnetic particle examinations shall use the wet fluorescent method,;

— surface NDE shall be performed on all surfaces prepared for “weld metal overlay” (see Table 18).

7.4.2.3.9 Weld NDE — General
General weld NDE requirements for PSL 3 shall be identical to the requirements for PSL 1.

Repair weld requirements for PSL 3 shall be identical to the requirements for PSL 2.

7.4.2.3.10 Weld examination — Visual

Visual requirements for PSL 3 shall be identical to the requirements for PSL 2.

7.4.2.3.11 Weld NDE — Surface

Surface requirements for PSL 3 shall be identical to the requirements for PSL 2. Additionally, magnetic-
particle examination shall be performed by the wet fluorescent method.

7.4.2.3.12 Weld NDE — Volumetric
Volumetric requirements for PSL 3 shall be identical to the requirements for PSL 2, with the addition that all
repair welds, if the repair exceeds 20 % of the original wall thickness or 25 mm (1 in), whichever is the smaller,

or if the extent of the cavity exceeds approximately 65 cm2 (10 in2), shall be examined by either radiography
or ultrasonic methods after all welding and post-weld heat treatment.

7.4.2.3.13 Weld NDE — Hardness testing
The following apply:
a) sampling:

100 % of all accessible pressure-containing, non-pressure-containing and repair welds.
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test method:

Hardness testing shall be performed in accordance with 1ISO 6506 (all parts) or ISO 6508 (all parts), or
ASTM E10 or ASTM E18.

At least one hardness test shall be performed in both the weld and in the adjacent unaffected base metals
after all heat treatment and machining operations.

acceptance criteria:
Hardness values shall meet the base material requirements of 7.4.2.1.3.

The hardness recorded in the PQR shall be the basis for acceptance if the weld is not accessible for
hardness testing.

7.4.2.3.14 Serialization

Each individual part and/or piece of equipment shall be assigned and marked with a unique code to maintain
traceability and associated records.

7.4.2.3.15 Volumetric NDE

The following apply:

a)

sampling:

As far as practical, the entire volume of each part shall be volumetrically inspected (radiography or
ultrasonic) after heat treatment for mechanical properties and prior to machining operations that limit
effective interpretation of the results of the examination.

For quench-and-tempered products, the volumetric inspection shall be performed after heat treatment for
mechanical properties exclusive of stress-relief treatments or retempering to reduce hardness.

ultrasonic examination:
1) The following test methods apply:

— hot-worked parts: Ultrasonic examination of hot-worked parts shall be performed in accordance
with the flat-bottom-hole procedures specified in ASTM A388/388M, except that the immersion
method may be used, and ASTM E428.

— calibration: The distance amplitude curve (DAC) shall be based on 1,6 mm (1/16 in) flat-bottom
hole for metal thicknesses through 38 mm (11/2 in), on 3,2 mm (1/8 in) flat-bottom hole for metal
thicknesses from 38 mm (11/2 in) through 150 mm (6 in), and on 6,4 mm (1/4 in) flat-bottom hole
for metal thicknesses exceeding 150 mm (6 in).

2) The following acceptance criteria apply:
— no single indication exceeding reference distance amplitude curve;
— no multiple indications exceeding 50 % of reference distance amplitude curve. Multiple

indications are defined as two or more indications (each exceeding 50 % of the reference
distance amplitude curve) within 13 mm (1/2 in) of each other in any direction.
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c) radiographic examination:
1) test method:

Radiographic examination of hot-worked parts shall be performed in accordance with methods
specified in 7.4.2.2.14.

2) acceptance criteria:
The following acceptance criteria apply to hot-worked parts:
— no cracks, laps, or bursts;
— no elongated indication with a length greater than that given in Table 21:

— no group of indications in a line that have an aggregate length greater than T in a length of 127.

Table 21 — Maximum length of elongated indication

Thickness Inclusion length
T
mm (in) mm (in)
<19,0 (0,75) 6,4 (0,25)
19,0 to 57,0 (0,75 to 2,25) 0,33T (0,337)
> 57,0 (2,25) 19,0 (0,75)

7424 PSL4

7.4.2.41 Tensile testing

Tensile testing requirements for PSL 4 shall be identical to the requirements for PSL 2.

7.4.2.4.2 Impact testing

Impact testing requirements for PSL 4 shall be in accordance with 5.4.2.4.

7.4.2.4.3 Hardness testing

Hardness testing requirements for PSL 4 shall be identical to the requirements for PSL 3.

7.4.2.44 Dimensional inspection

Dimensional inspection requirements for PSL 4 shall be identical to the requirements for PSL 3.

7.4.2.4.5 Traceability

Traceability requirements for PSL 4 shall be identical to the requirements for PSL 3.

7.4.2.4.6 Chemical analysis

Chemical analysis requirements for PSL 4 shall be identical to the requirements for PSL 2.
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7.4.2.4.7 Visual examination

None required.

7.4.2.4.8 Surface NDE

Surface NDE requirements for PSL 4 shall be identical to the requirements for PSL 3.

74249 Weld NDE

No welding except overlay is permitted on PSL 4 parts or equipment. Weld NDE requirements for overlay in
PSL 4 shall be identical to the requirements for PSL 3.

7.4.2.4.10 Serialization

Serialization requirements for PSL 4 shall be identical to the requirements for PSL 3.

7.4.2.4.11 Volumetric NDE

Volumetric NDE requirements for PSL 4 shall be identical to the requirements for PSL 3, with the addition of
the following:

a) acceptance criteria for ultrasonic examination:

Same acceptance criteria as for PSL 3 with the addition that no continuous cluster of indications on the
same plane, regardless of amplitude, shall be found over an area twice the diameter of the search unit.

b) acceptance criteria for radiographic examination of hot-worked parts:
— no type of crack, lap or burst;
— no elongated indication exceeding 6,4 mm (1/4 in);

— no more than two indications separated by less than 13 mm (1/2in).
7.4.3 Stems (PSL 1 to PSL 4)

7431 Quality control requirements, methods and acceptance criteria
Table 22 lists the quality control requirements for stems. The requirements shown for stems are the same as
for bodies and bonnets, except that material properties shall conform to the requirements of 5.1 and 5.2.

Impact testing requirements and acceptance criteria for stems shall be the same as for bodies, bonnets, and
end and outlet connections.

7.4.3.2 Volumetric NDE examination (PSL 3 and PSL 4)

The following apply:

a) sampling:
Each stem, or bar from which stems are machined, shall be volumetrically inspected using ultrasonic or
radiographic techniques. The inspection shall be conducted after final heat treatment (exclusive of stress-

relief treatments) and prior to machining operations that limit effective interpretation of the results of the
examination.
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b) test method:
Inspection shall be performed in accordance with the methods of 7.4.2.3.15 for wrought products. If
ultrasonic inspection is performed, each stem (or bar from which stems are machined) shall be
ultrasonically inspected from the outer diameter and ends by the straight-beam technique. Stems that
cannot be examined axially using the straight-beam technique shall be examined using the angle-beam
technique.

c) calibration:

DAC based on 3,2 mm (1/8 in) flat-bottom hole (straight-beam technique) and 1,6 mm (1/16 in) side-
drilled hole, 25 mm (1 in) deep (angle-beam technique).

d) acceptance criteria:

Acceptance criteria shall be in accordance with 7.4.2.3.15.

Table 22 — Quality control requirements for stems

Parameter Subclause reference
PSL 1 PSL 2 PSL 3 PSL 4
Tensile testing 5.6 5.7 5.7 5.7
Impact testing 59 74.21.2 74212 74212
Hardness testing 74213 74223 74233 7.4.23.3
ISO 15156 (all parts) 7415 7415 7415 7415
(NACE MRO0175; see
Clause 2)
Dimensional inspection 74214 74214 74234 74234
Traceability — 74225 74235 74235
Chemical analysis — 74226 7.4.2.2.6 7.4.22.6
Visual examination 74215 74227 — —
Surface NDE — 74228 7.4.2.3.8 7.4.2.3.8
74229
Weld NDE
General 7.4.21.6 7.4.21.6 7.4.21.6
Visual examination — 7.4.2.2.11 7.4.22.11 No welding
NDE surface — 7.4.2.2.12 7.4.2.3.11 permitted
except for
Repair welds — 742213 742213 weld overlays
) (see 7.4.2.4.9)
NDE volumetric — 7.4.2.214 7.4.2.3.12
NDE hardness — — 7.4.2.3.13
testing
Serialization — — 7.4.23.14 7.4.23.14
Volumetric NDE — — 7.43.2 7.4.3.2

7.4.4 Other pressure-boundary penetrations (PSL 1 to PSL 4)

The quality control requirements for other pressure-boundary penetrations shall be controlled in accordance
with the manufacturer's written specifications. The material properties shall conform to the requirements of 5.1
and 5.2.
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7.4.5 Valve-bore sealing mechanisms and choke trim (PSL 1 to PSL 4)

Table 23 lists the quality control requirements for valve-bore sealing mechanisms and choke trim. For choke
trim, only the surface NDE and serialization shall apply. Surface NDE is not required on brazed, press-fit or
shrink-fit joints. Indications that are restricted to a brazed, press-fit or shrink-fit joint are not relevant.

The requirements shown for valve-bore sealing mechanisms are the same as for bodies and bonnets, except
that material properties shall conform to the requirements of 5.1 and 5.2 and volumetric NDE is not required.

Table 23 — Quality control requirements for valve-bore sealing mechanisms and choke trim

Parameter Subclause reference
PSL 1 PSL 2 PSL 3 PSL 4
Tensile testing — — 5.7 5.7
Hardness testing — — 7.4.2.3.3 7.4.2.3.3
ISO 15156 (all parts) 7415 7415 7415 7415
(NACE MRO0175; see
Clause 2)
Dimensional inspection — — 74214 74214
74234 74234
Traceability — — 7.4.2.3.5 7.4.2.3.5
Chemical analysis — — 74.2.2.6 74.2.2.6
Surface NDE — — 7.4.23.8 74.23.8
Weld NDE
General — 74216 74216 No welding
Visual examination — 7.4.2.2.11 7.4.2.2.11 permitted
NDE surface — 742212 7.4.2.3.11 W;?g%,fgrys
Repair welds — 742213 742213 (see 7.4.2.4.9)
Hardness testing — — 7.4.2.3.13
Serialization — — 7.4.2.3.14 7.4.2.3.14
NOTE Only the surface NDE and serialization are required for choke trim (see 7.4.5).

7.4.6 Ring gaskets
NOTE See Table 24.
7.4.6.1 Quality control requirements

Product specification levels are not applicable to ring gaskets. The quality control requirements shall be in
accordance with Table 24.

Table 24 — Quality control requirements for ring joint gaskets

Parameter Subclause reference
Dimensional inspection 7.4.6.2
Hardness testing 7.4.6.3
ISO 15156 7415
(NACE MR 0175; see Clause 2)
Surface finish 7464
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7.4.6.2 Dimensional inspection

Dimensional inspection shall be performed on ring gaskets manufactured according to this International
Standard.

The following apply:
a) sampling:
Sampling shall be in accordance with the manufacturer's documented requirements.
b) test method:
The manufacturer's documented procedures shall be followed.
c) acceptance criteria:

Acceptance criteria shall be in accordance with 10.4.2.1.

7.4.6.3 Hardness testing
The following apply:
a) sampling:

As a minimum, sampling shall be performed on completed gaskets in accordance with ISO 2859-1:1999,
level II, 1,5 AQL.

b) test method:

A minimum of one hardness test shall be performed in accordance with procedures specified in ISO 6508
(all parts) or ASTM E18. The location of the hardness test shall be in accordance with Figure 7.

AN

a) Octagonal

Key
1 hardness test location

Figure 7 — Ring gasket hardness test location
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c) acceptance criteria:

The acceptance criteria shall be as given in Table 25:

Table 25 — Maximum hardness

ISO 10423:2009(E)

Material

Maximum hardness

Soft iron

Carbon and low alloys
Stainless steel

Nickel alloy UNS N08825
Other CRAs

56 HRB
68 HRB
83 HRB
92 HRB

Hardness shall meet manufacturer's
written specification.

7.4.6.4 Surface finish
The following apply:

a) sampling:

Sampling shall be in accordance with the manufacturer's documented requirements.

b) test method:

The manufacturer's documented procedures shall be followed.

c) acceptance criteria:

Acceptance criteria are as given in Table 26:

Table 26 — Acceptance criteria for the gasket surface finish

Gasket type Ra RMS
pm (bin)

R 1,6 (63)

RX 1,6 (63)

BX 0,8 (32)

7.4.7 Studs and nuts

NOTE See Table 27.

7.4.7.1  Quality control requirements

The requirements for studs and nuts apply only to those used to connect end and outlet flanges and studded

connections specified in 10.1.

Product specification levels are not applicable to studs and nuts. The quality control requirements shall be in
accordance with Table 27. (Other studs and nuts shall meet the design requirements of 4.3.4 and the

manufacturer's specifications.)
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7.4.7.2 Tensile testing

Tensile testing requirements shall be performed in accordance with procedures specified in
ASTM A193/A193M, ASTM A194/A194M, ASTM A320/A320M or ASTM A453/A453M, as appropriate, except
that yield strength shall meet or exceed the minimum values shown in Table 62.

Table 27 — Quality control requirements for studs and nuts

Parameter Subclause reference

Tensile testing 74.7.2
Impact testing 7473
Dimensional inspection 7474
Hardness testing 7475

ISO 15156 7.4.75

(NACE MR 0175; see Clause 2)
Chemical analysis 74.7.6

7.4.7.3 Impact testing

Impact testing shall be performed on studs and nuts as required by Table 62.

7.47.4 Dimensional inspection

Dimensional inspection shall be performed on studs and nuts manufactured in accordance with this
International Standard. The following apply:

a) sampling:

Sampling shall be in accordance with the applicable ASTM specification, or the manufacturer's written
specification for CRAs not covered by ASTM.

b) test method:

The method shall be in accordance with the applicable ASTM specification, or the manufacturer's written
specification for CRAs not covered by ASTM.

C) acceptance criteria:

The acceptance criteria shall be in accordance with the applicable ASTM specification, or the
manufacturer's written specification for CRAs not covered by ASTM.

7.4.7.5 Hardness testing
The following apply:
a) specimens:
Specimens shall be in accordance with the applicable ISO or ASTM specification.
b) sampling:

Sampling shall be in accordance with the applicable ISO or ASTM specification with the addition that
ASTM A453/A453M, grade 660 bolting and other CRA bolting material shall be individually hardness-
tested.

c) test method:

Hardness testing shall be performed in accordance with ISO 6508 (all parts) or ASTM E18.
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d) acceptance criteria:
The acceptance criteria for exposed bolting shall be in accordance with ISO 15156 (all parts) (NACE
MRO0175; see Clause 2). Hardness testing is not required on ISO 15156 (all parts) (NACE MR0175; see
Clause 2), non-exposed bolting.

All other bolting shall be in accordance with the applicable ASTM specification, or the manufacturer's
written specification for CRAs not covered by ASTM.

7.4.7.6  Chemical analysis

Chemical analysis shall be performed in accordance with procedures specified in the applicable ASTM
specification, or the manufacturer's written specification for CRAs not covered by ASTM.

7.4.8 Non-metallic seals (PSL 1 to PSL 4)

NOTE See Table 28.
7.4.8.1 PSL 1

7.4.8.1.1 Dimensional inspection

Dimensional inspection shall be performed on non-metallic seals manufactured in accordance with this
International Standard.

The following apply:
a) sampling:

Sampling shall be performed on non-metallic seals in accordance with ISO 2859-1:1999, level I, 2,5 AQL
for O-rings and 1,5 AQL for other seals.

b) test method:
Each piece of the sample shall be dimensionally inspected for compliance to specific tolerances.
c) acceptance criteria:

If inspection methods produce fewer rejections than allowed in sampling, the batch shall be accepted.

Table 28 — Quality control requirements for non-metallic seals

Parameter Subclause reference
PSL 1 PSL 2 PSL 3 PSL 4

Dimensional inspection 7.4.8.1.1 7.4.8.1.1 7.4.8.1.1 7.4.8.1.1
Visual examination 7.4.81.2 7.4.81.2 7.48.1.2 7.4.8.1.2
Hardness 7.4.8.1.3 7.4.8.1.3 74813 74813
Documentation — 7.4.82.4 7.4.8.3.4 7.4.8.4.4

Batch traceability — — 7.4.8.3.4 a) 7.4.8.3.4 a)

Cure date certification — — 7.4.8.3.4b) 7.4.8.3.4b)

Shelf-life expiration — — 7.4.83.4c) 7.4.83.4c)

date certification

Physical property data — — — 74844
Storage and age control 9.6 a) 9.6 a) 9.6 b) 9.6 b)
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7.4.8.1.2 Visual examination
The following apply:
a) sampling:

Sampling shall be performed in accordance with 1SO 2859-1:1999, level ll, 2,5 AQL for O-rings and
1,5 AQL for other seals.

b) test method:
Each piece of the sample shall be visually inspected according to manufacturer's written requirements.
c) acceptance criteria:

If inspection methods produce rejections less than allowed in sampling, the batch shall be accepted.

7.4.8.1.3 Hardness testing
The following apply:
a) sampling:

Sampling shall be performed in accordance with 1ISO 2859-1:1999, level ll, 2,5 AQL for O-rings and
1,5 AQL for other seals.

b) test method:

Hardness testing shall be performed in accordance with procedures specified in ASTM D2240 or
ASTM D1415.

c) acceptance criteria:

The hardness shall be controlled in accordance with the manufacturer's written specification.
7482 PSL2
7.4.8.2.1 Dimensional inspection
Dimensional inspection requirements for PSL 2 shall be identical to the requirements for PSL 1.
7.4.8.2.2 Visual examination
Visual examination requirements for PSL 2 shall be identical to the requirements for PSL 1.

7.4.8.2.3 Hardness testing

Hardness testing requirements for PSL 2 shall be identical to the requirements for PSL 1.

7.4.8.2.4 Documentation

The supplier/manufacturer shall certify that materials and end products meet manufacturer's specifications.
Certification shall include manufacturer's part number, specification number and compound number.
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7483 PSL3

7.4.8.3.1 Dimensional inspection

Dimensional inspection requirements for PSL 3 shall be identical to the requirements for PSL 1.

7.4.8.3.2 Visual examination

Visual examination requirements for PSL 3 shall be identical to the requirements for PSL 1.

7.4.8.3.3 Hardness testing

Hardness testing requirements for PSL 3 shall be identical to the requirements for PSL 1.

7.4.8.3.4 Documentation

Documentation requirements for PSL 3 shall be identical to the requirements for PSL 2, with the addition that
the following documentation shall be included:

a) batch number;
b) cure/mould date;

c) shelf-life expiration date.

7.4.8.3.5 Storage and age control

The storage of non-metallic seals shall conform to the requirements of 9.6.

7484 PSL4

7.4.8.41 Dimensional inspection

Dimensional inspection requirements for PSL 4 shall be identical to the requirements for PSL 1.
7.4.8.4.2 Visual examination

Visual examination requirements for PSL 4 shall be identical to the requirements for PSL 1.
7.4.8.4.3 Hardness testing

Hardness testing requirements for PSL 4 shall be identical to the requirements for PSL 1.

7.4.8.4.4 Documentation

Documentation requirements for PSL 4 shall be identical to the requirements for PSL 3, with the addition that
the following documentation shall be included.

a) Supplier/manufacturer shall supply a copy of test results of the physical properties of the compound
supplied. Physical properties shall be in accordance with the manufacturer's written specification.
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b) Physical property data for qualification of homogeneous elastomers shall include the items given in
Table 29:

Table 29 — Physical property data for qualification of homogeneous elastomers

Data Documentation in accordance with
Hardness testing ASTM D1414 and ASTM D2240
Tensile testing ASTM D412 and ASTM D1414
Elongation ASTM D412 and ASTM D1414
Compression set ASTM D395 and ASTM D1414
Modulus ASTM D412 and ASTM D1414
Fluid immersion ASTM D471 and ASTM D1414

c) Physical property data for other non-metallic seal materials shall meet the requirements of the
manufacturer's written specification.

7.4.8.4.5 Storage and age control

Storage requirements for PSL 4 non-metallic seals shall be identical to the requirements for PSL 3.
7.4.9 Assembled equipment (PSL 1 to PSL 4)

7.49.1 General

Tables 32 to 36 provide a matrix of quality control requirements and product specification levels for assembled
equipment. The requirements are outlined according to product specification level.

All hydrostatic body testing and all hydrostatic valve seat testing shall be performed prior to any gas testing.
The sequence of gas testing may be varied at the option of the manufacturer. The drift test shall be performed

after the equipment has been assembled, operated and tested. The sequence of other tests shall be at the
option of the manufacturer.

7.4.9.2 Assembly serialization and traceability record

7.4.9.21 Assembly serialization
a) for PSL 1, none required;

b) for PSL 2 to PSL 4, serialization of valves, wellhead equipment, tees, crosses, tubing-head adapters,
hangers, chokes, back-pressure valves and fluid sampling devices is required.

7.49.2.2 Traceability record
a) for PSL 1 and PSL 2, none required,;

b) for PSL 3 and PSL 4, report identifying the body, bonnet, stem, end and outlet connection, and valve-bore
sealing mechanisms shall be listed traceable to the assembly.
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7.49.3 PSL 1 testing

7.4.9.3.1 Drift test — Full-bore valves

The following apply:

a)

test method:

Pass a drift mandrel as described in Table 30 through the valve bore after the valve has been assembled,
operated and pressure-tested.

acceptance criteria:

The drift mandrel shall pass completely through the valve bore.

7.4.9.3.2 Drift test — Christmas trees

NOTE See Table 30.

The following apply:

a)

b)

test method:
Pass a drift mandrel through the main bore of christmas tree assemblies.

acceptance criteria:

The drift mandrel shall completely pass through the main bore of the christmas tree.

7.4.9.3.3 Hydrostatic body test — Single-equipment units

The following apply:

a)

test method:

Subject single equipment units to a hydrostatic body test prior to shipment from the manufacturer's facility.
The hydrostatic body test shall be the first pressure test performed. Do not apply the test pressure as a
differential pressure across closure mechanisms of valves. Use water or water with additives as the
testing fluid. Complete tests prior to painting; however, if the bodies and other pressure-containing parts
have been made of wrought material, tests may be completed after painting.

Loose connectors, bullplugs, and valve-removal plugs do not require a hydrostatic test.

The hydrostatic body test for assembled equipment shall consist of three parts:

— primary pressure-holding period;

— reduction of the pressure to zero;

— secondary pressure-holding period.

Conduct tests prior to the addition of body-filler grease. Lubrication applied during assembly is acceptable.
Both pressure-holding periods shall not be less than 3 min. Do not start the timing until the test pressure
has been reached, the equipment and the pressure-monitoring gauge have been isolated from the

pressure source and the external surfaces of the body members have been thoroughly dried.

The hydrostatic body test pressure requirements are based on the rated working pressure and equipment
type. The minimum test pressures are given in Table 31.
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Table 30 — Drift diameter for individual valves and christmas trees

Dimensions in millimetres (inches)

2/
. o sl ./ :
\L s
T
Y

Key

1 handle

a8  Minimum length for individual valves only.

b Minimum length for christmas trees.

¢ Valve end-to-end dimension.

Nominal flange size Nomir!al L D4 Dy
bore size min. +8,68 mm (+8,027in) +8,68 mm (+8,027in)

mm (in) mm (in) mm (in) mm (in) mm (in)
46 (1" 16) 46 (1,81) 76 (3,00) 45,20 (1,78) 38,6 (1,52)
52 2"1s) 46 (1,81) 76 (3,00) 45,20 (1,78) 38,6 (1,52)
52 2'1e) 52 (2,06) 76 (3,00) 51,60 (2,03) 48,3 (1,90)
65 (2%16) 65 (2,56) 76 (3,00) 64,30 (2,53) 59,7 (2,35)
78 (3'116) 78 (3,06) 78 (3,06) 77,00 (3,03) 73,2 (2,88)
79 WD) 79 (3,12) 79 (3,12) 78,60 (3,09) 73,2 (2,88)
103 (4'116) 103 (4,06) 103 (4,06) 102,40 (4,03) 97,3 (3,83)
130 (5'/s) 130 (5,12) 130 (5,12) 129,40 (5,09) 126,2 (4,97)
179 (7"1e) 152 (6,00) 152 (6,00) 151,60 (5,97) 148,3 (5,85)
179 (7"11s) 156 (6,12) 156 (6,12) 154,80 (6,09) 151,6 (5,97)
179 (7"11s) 162 (6,38) 162 (6,38) 161,00 (6,34) 158,0 (6,22)
179 (7"1e) 168 (6,62) 168 (6,62) 167,50 (6,59) 164,3 (6,47)
179 (7"1e) 179 (7,06) 179 (7,06) 178,60 (7,03) 175,5 (6,91)
228 9) 228 (9,00) 228 (9,00) 227,80 (8,97) 224.8 (8,85)
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End and outlet connections

Working Nominal size of flange Line-pipe Casing threads
pressure mm (in) and tubing mm (in)
rating 346 (13%5) 425 (16%4) threads 114,310 273,1 | 298,5to 339,7 | 406,5 to 508,0
and smaller and larger @'21010%) | (11%1013%) | (16 to 20)
MPa (psi) MPa (psi) MPa (psi) MPa (psi) MPa (psi) MPa (psi) MPa (psi)
13,8 (2000)| 27,6 (4000)| 20,7 (3000)| 27,6 (4000)| 27,6 (4000)| 27,6 (4000)| 155 (2250)
20,7 (3000)| 41,5 (6000)| 31,0 (4500)| 41,5 (6000)| 41,4 (6000)| 31,0 (4500)| — —
345 (5000)| 51,7 (7500)| 51,7 (7500)| 51,7 (7500)| 51,7 (7500)| — — — —

69,0 (10 000)

103,5 (15 000)
138,0 (20 000)

103,5 (15 000)

155,0 (22 500)
207,0 (30 000)

103,5 (15 000)

155,0 (22 500)

103,5 (15 000)

b) special considerations:
For equipment with end or outlet connections having different working pressures, use the lowest working
pressure rating to determine the hydrostatic body test pressure (except for cross-over connectors and
chokes).
Test a cross-over connector at a test pressure based on the pressure rating for the upper connection.
Apply test pressure inside and above the restricted-area pack-off of the lower connection. The lower
connection shall be tested below the restricted-area pack-off to a level based on its pressure rating.
For chokes having an inlet connection with a higher pressure rating than the outlet connection, test the
body hydrostatically, from the inlet connection to the body-to-bean seal point of the replaceable seat or
flow bean, to the appropriate pressure for the inlet connection. Test the remainder of the body,
downstream from the seal point, to the appropriate pressure for the outlet connection. Temporary seat
seals may be used to facilitate testing.
Valves and chokes shall be in the partially open position during testing.
Test each bore of multiple-bore equipment individually.

c) acceptance criteria:
The equipment shall show no visible leakage under the test pressure. Leakage by the thread during the
hydrostatic testing of a threaded wellhead member when joined with a threaded test fixture is permissible
above the working pressure of the thread.

7.4.9.3.4 Hydrostatic body test — Christmas trees

The same requirements are applicable as in 7.4.9.3.3, except that for trees assembled entirely with equipment
that, other than loose connectors, has been previously hydrostatically tested, only testing to rated working
pressure is necessary.
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7.4.9.3.5 Hydrostatic seat test — Valves
The following apply:
a) test method:

For bidirectional valves, apply hydrostatic seat test pressure, equal to the rated working pressure, to each
side of the gate or plug with the other side open to the atmosphere.

For unidirectional valves, apply pressure in the direction indicated on the body, except for check valves,
which shall be tested on the downstream side.

Holding periods for tests shall be a minimum of 3 min.

Reduce the pressure to zero between all holding periods.

Test valves a minimum of two times on each side of the gate or plug.
b) acceptance criteria:

No visible leakage shall occur during each holding period.

7.49.4 PSL 2 testing

7.49.4.1 Drift test — Full-bore valves

Drift test requirements for PSL 2 shall be identical to the requirements for PSL 1.

7.4.9.4.2 Drift test — Christmas trees

Drift test requirements for PSL 2 shall be identical to the requirements for PSL 1.

7.49.4.3 Hydrostatic body test — Single equipment units

Hydrostatic body test requirements for PSL 2 shall be identical to the requirements for PSL 1.

7.4.9.4.4 Hydrostatic body test — Christmas trees

Hydrostatic body test requirements for PSL 2 shall be identical to the requirements for PSL 1.

7.49.4.5 Hydrostatic seat test — Valves

The following apply:

a) test method:
Apply the hydrostatic seat test pressure, which is equal to the rated working pressure, to one side of the
gate or plug of the valve with the other side open to atmosphere. Test bidirectional valves in both
directions. Test unidirectional valves in the direction indicated on the body, except for check valves which

shall be tested from the downstream side.

After the pressure has been applied to one side of the gate or plug, hold the pressure and monitor for a
minimum of 3 min.

Then, open the valve, except for check valves, while under full differential pressure.

Repeat the above two steps.
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Then, pressurize one side of the gate or plug, hold, and monitor a third time for a minimum of 3 min.

Next test bidirectional valves on the other side of the gate or plug using the same procedure outlined
above. Split-gate valves may have both seats tested simultaneously.

b) acceptance criteria for the seat test:

Valves shall show no visible leakage during each holding period.
7.49.5 PSL 3 testing

7.4.9.51 Drift test — Full-bore valves

Drift test requirements for PSL 3 shall be identical to the requirements for PSL 1.

7.4.9.5.2 Drift test — Christmas trees

Drift test requirements for PSL 3 shall be identical to the requirements for PSL 1.

7.4.9.5.3 Records of pressure tests
The following apply.

a) A chart recorder shall be used on all hydrostatic tests. The record shall identify the recording device, shall
be dated, and shall be signed.

b) Chart recording of gas testing is not required. Records of gas testing shall document test parameters and
acceptance.

c) If the chart recorder is not qualified as a pressure-measuring device in accordance with 7.2.2, it shall be

used in parallel with a calibrated pressure-measuring device, and the pressure-measuring device
readings at the start and stop of each hold period shall be written on the chart as part of the record.

7.4.9.5.4 Hydrostatic body test (extended) — Single equipment units
Hydrostatic body test requirements for PSL 3 shall be identical to the requirements for PSL 1, with the addition

that this hydrostatic body test requires an extension of the secondary pressure-holding period to a minimum of
15 min.

7.4.9.5.5 Hydrostatic body test (extended) — Christmas trees
Hydrostatic body test requirements for PSL 3 shall be identical to the requirements for PSL 1, with the addition

that this hydrostatic body test requires the extension of the secondary pressure-holding period to a minimum
of 15 min.
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Table 32 — Quality control requirements for full-bore valves

Parameter Subclause reference
PSL 1 PSL 2 PSL 3 PSL 3G PSL 4
Drift test 7.4.9.3.1 7.4.9.3.1 7.4.9.3.1 7.4.93.1 7.4.93.1
Hydrostatic test body 7.4.9.3.3 7.49.3.3 — — —
seat 74935 74945 — 74945 —
Hydrostatic test body — — 74954 74954 74954
(extended) seat — — 74956 — 74956
Gas test body — — — 74957 7.4.9.6.6
seat — — — 74958 74967
back seat — — — 7.4.95.92 7.4.9.6.8
Traceability — — 7.4.9.2.2Db) 7.49.2.2b) 7.4.9.2.2b)
Serialization — 7.49.21b) 749.21b) 7.4.9.2.1b) 7.4.9.2.1b)
@  Optional.
Table 33 — Quality control requirements for regular and Venturi bore valves
Parameter Subclause reference
PSL 1 PSL 2 PSL3 PSL 3G PSL 4
Hydrostatic test body 7.4.9.3.3 7.4.9.3.3 — — —
seat 74935 74945 — — —
Hydrostatic test body — — 74954 74954 74954
(extended) seat — — 74956 74956 74956
Gas test body — — — 74957 7.4.9.6.6
seat — — — 74958 74967
back seat — — — 7.4.95.92 7.4.9.6.8
Traceability — — 7.4.9.2.2b) 7.4.9.2.2b) 7.4.9.2.2b)
Serialization — 7.4.9.2.1b) 7.4.9.2.1b) 7.4.9.2.1b) 7.4.9.2.1b)
a8  Optional.
Table 34 — Quality control requirements for production check valves
Parameter Subclause reference
PSL 1 PSL 2 PSL 3 PSL 3G PSL 4
Hydrostatic test body 7.49.3.3 7.49.3.3 — — —
seat 74935 74945 — — —
Hydrostatic test body — — 74954 74954 74954
(extended) seat — — 74956 74956 74956
Gas test body — — — 74957 7.4.9.6.6
seat — — — 74958 74967
Traceability — — 7.4.9.2.2Db) 7.49.2.2b) 7.4.9.2.2b)
Serialization — 7.49.21b) 74921b) 7.4.9.2.1b) 7.4.9.2.1b)
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Table 35 — Quality control requirements for casing and tubing heads, tubing-head adapters,

chokes, tees, crosses, fluid sampling devices, cross-over connectors,

adapter and spacer spools, and top connectors

Parameter Subclause reference

PSL 1 PSL 2 PSL 3 PSL 3G PSL 4
Hydrostatic test 7.4.9.3.3 7.4.93.3 — — —
Hydrostatic test (extended) — — 74954 74954 74954
Gas test — — — 74957 74.96.6
Traceability — — 7.4.9.2.2b) 7.4.9.2.2Db) 7.4.9.2.2b)
Serialization — 7.49.21b) 7.4.9.2.1b) 7.49.21b) 7.4.9.2.1b)

Table 36 — Quality control requirements for christmas trees
Parameter Subclause reference
PSL 1 PSL 2 PSL 3/3G PSL 4

Drift test 7.4.93.2 74.93.2 74932 74932
Hydrostatic test 74934 74934 — —
Hydrostatic test (extended) — 74955 74955

7.49.5.6

Hydrostatic seat test (extended) — Valves

Hydrostatic seat test requirements for PSL 3 shall be identical to the requirements for PSL 2, with the addition
that this hydrostatic seat test requires the second and third holding periods to be extended to a minimum of

15 min.

7.49.5.7

PSL 3G gas body test — Single equipment units

In addition to a hydrostatic body test (extended) for single equipment units (in accordance with 7.4.9.5.4), a
gas body test shall be performed as follows.

a) test method:

b)

c)

Conduct the test at ambient temperatures using nitrogen as the test medium. Conduct the test with the
equipment completely submerged in a water bath.

Valves and chokes shall be in the partially open position during testing.

The gas body test for assembled equipment shall consist of a single pressure-holding period of not less
than 15 min; do not start the timing until the test pressure has been reached and the equipment and
pressure-monitoring gauge have been isolated from the pressure source.

Test pressure shall equal the rated working pressure of the equipment.

special considerations; see 7.4.9.3.3 b):

The special considerations for hydrostatic body tests shall also apply, if appropriate, to gas body tests.
acceptance criteria:

No visible bubbles shall appear in the water bath during the holding period. A maximum reduction of the

gas test pressure of 2,0 MPa (300 psi) is acceptable, as long as there are no visible bubbles in the water
bath during the holding period.
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7.49.5.8 PSL 3G gas seat test — Valves

In addition to a hydrostatic seat test for valves in accordance with 7.4.9.4.5, a gas seat test shall be performed
as follows.

a) test method:
Apply gas pressure on each side of the gate or plug of bidirectional valves with the other side open to
atmosphere. Test unidirectional valves in the direction indicated on the body, except for check valves,

which shall be tested from the downstream side.

Conduct the test at ambient temperatures using nitrogen as the test medium. Conduct the test with the
equipment completely submerged in a water bath.

Testing shall consist of two, monitored holding periods.

The primary-test pressure shall be the rated working pressure.

The primary-test monitored holding period shall be a minimum of 15 min.

Reduce the pressure to zero between the primary and secondary holding periods.
The secondary-test pressure shall be at 2,0 MPa (300 psi) £ 10 %.

The secondary-test monitored holding period shall be a minimum of 15 min.

The valves shall be fully opened and fully closed between tests.

Next, test bidirectional valves on the other side of the gate or plug using the same procedure outlined
above. Split-gate valves may have both seats tested simultaneously.

b) acceptance criteria:
No visible bubbles shall appear in the water bath during the holding periods. A maximum reduction of the

gas test pressure of 2,0 MPa (300 psi) for the primary test and 0,2 MPa (30 psi) for the secondary test is
acceptable, as long as there are no visible bubbles in the water bath during the holding period.

7.49.5.9 PSL 3G gas back-seat test — Gate valves

A gas back-seat test may be performed on gate valves. A gas back-seat test shall be used in conjunction with
the gas body test, single equipment units (see 7.4.9.5.7) and the gas seat test for valves (see 7.4.9.5.8).

The following apply:
a) test method:

Conduct the test at ambient temperatures using nitrogen as the test medium. Conduct the test with the
equipment completely submerged in a water bath.

The area between the primary packing and the back seat, or other means for repacking the stuffing box,
shall be vented during the test.

The test shall consist of one holding period.
The monitored holding period shall be at the rated working pressure.

The monitored holding period shall be a minimum of 15 min.
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b) acceptance criteria:
No visible bubbles shall appear in the water bath during the holding period. A maximum reduction of the

gas test pressure of 2,0 MPa (300 psi) is acceptable, as long as there are no visible bubbles in the water
bath during the holding period.

7.49.6 PSL 4 testing

7.4.9.6.1 Drift test — Full-bore valves

Drift test requirements for PSL 4 shall be identical to the requirements for PSL 1.

7.4.9.6.2 Drift test — Christmas trees

Drift test requirements for PSL 4 shall be identical to the requirements for PSL 1.

7.4.9.6.3 Hydrostatic body test (extended) — Single equipment units

Hydrostatic body test requirements for PSL 4 shall be identical to the requirements for PSL 3.

7.4.9.6.4 Hydrostatic body test (extended) — Christmas trees

Hydrostatic body test requirements for PSL 4 shall be identical to the requirements for PSL 3.

7.4.9.6.5 Hydrostatic seat test (extended) — Valves

Hydrostatic seat test requirements for PSL 4 shall be identical to the requirements for PSL 3.

7.49.6.6 Gas body test — Single equipment units
The following apply:
a) test method:

Conduct the test at ambient temperatures using nitrogen as the test medium. Conduct the test with the
equipment completely submerged in a water bath.

Valves and chokes shall be in the partially open position during testing.
The gas body test for single equipment units shall consist of a single pressure-holding period of not less
than 15 min. Do not start the timing until the test pressure has been reached and the equipment and
pressure-monitoring gauge have been isolated from the pressure source.
Test pressure shall equal the rated working pressure of the equipment.
b) special considerations; see 7.4.9.3.3 b):
The special considerations for hydrostatic body tests shall also apply, if appropriate, to gas body tests.
c) acceptance criteria:
No visible bubbles shall appear in the water bath during the holding period. A reduction of the gas test

pressure of maximum 2,0 MPa (300 psi) is acceptable, as long as there are no visible bubbles in the
water bath during the holding period.
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7.49.6.7 Gas seat test — Valves

The following apply:

a)

b)

test method:

Apply gas pressure on each side of the gate or plug of bidirectional valves with the other side open to the
atmosphere. Test unidirectional valves in the direction indicated on the body, except for check valves,
which shall be tested from the downstream side.

Conduct the test at ambient temperatures using nitrogen as the test medium. Conduct the test with the
equipment completed submerged in a water bath.

Testing shall consist of two, monitored holding periods.

The primary-test pressure shall equal rated working pressure.

The primary-test monitored holding period shall be 60 min.

Reduce the pressure to zero between the primary and secondary holding periods.

The secondary-test pressure shall be greater than 5 % and less than 10 % of the rated working pressure.
The secondary-test monitored holding period shall be 60 min.

The valves shall be fully opened and fully closed between tests.

Next, test bidirectional valves on the other side of the gate or plug using the same procedure outlined
above. Split-gate valves may have both seats tested simultaneously.

acceptance criteria:

No visible bubbles shall appear in the water bath during the holding periods. A maximum reduction of the
gas test pressure of 2,0 MPa (300 psi) for the primary test holding period and 0,2 MPa (30 psi) for the
secondary test holding period is acceptable, as long as there are no visible bubbles in the water bath
during the holding period.

7.49.6.8 Gas back-seat test — Gate valves

The following apply:

a)

96

test method:

Gas-test the back seat or other means provided for repacking. Conduct the test at ambient temperatures
using nitrogen as the test medium. Conduct the test with the equipment completely submerged in a water
bath.

During the test, vent the area between the primary packing and the back seat, or other means for
repacking the stuffing box.

The test shall consist of two holding periods.
The monitored holding time for each period shall be 60 min.
The first pressure-holding period shall be at rated working pressure.

Reduce the pressure to zero between the primary and secondary holding periods and cycle.
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The second pressure-holding period shall be at a pressure greater than 5 % and less than 10 % of the
rated working pressure.

Disengage the back seat, or other means provided for repacking, between the high and low pressure-
holding periods.

b) acceptance criteria:
No visible bubbles shall appear in the water bath during the holding period. A reduction of the gas test

pressure of maximum 2,0 MPa (300 psi) is acceptable, as long as there are no visible bubbles in the
water bath during the holding period.

7.4.10 Casing and tubing hanger mandrels (PSL 1 to PSL 4)

NOTE See Table 37.
74101 PSL1

7.410.1.1 Tensile testing

Tensile testing shall be in accordance with 5.4.2.2.

7.4.10.1.2 Dimensional inspection

Dimensional inspection shall be performed on casing and tubing hanger mandrels manufactured in
accordance with this International Standard. The manufacturer shall specify critical dimensions.

The following apply:
a) sampling:

All suspension, lift and back-pressure valve threads or retention profiles shall be gauged. Critical
dimensions on all components shall be verified.

b) test method:
Gauge the connections for stand-off at hand-tight assembly by use of the gauges and gauging practices
illustrated in Figures 10, 11 and 12. Dimensionally inspect ACME and other parallel thread profiles, in
accordance with the manufacturer's specifications.

c) acceptance criteria:
Acceptance criteria for critical dimensions shall be in accordance with the manufacturer's specification.

The end and outlet connection threads shall be in accordance with Tables 48 and B.48, APl Spec 5B or
ASME B1.1, ASME B1.2 and ASME B1.3, as applicable.
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Table 37 — Quality control requirements for casing and tubing hanger mandrels

Parameter Subclause reference
PSL 1 PSL 2 PSL 3 PSL 4

Tensile testing? 7.4.10.1.1 7.4.10.2.1 7.4.10.2.1 7.4.10.2.1
Impact testing® — 7.4.10.2.2 7.410.2.2 7.4.10.4.2
Hardness testing? 7.4.10.1.3 7.4.10.1.3 7.4.10.3.4 7.4.10.3.4

ISO 15156 (all parts)

(NACE MR0175;

see Clause 2) 7415 7415 7415 7415
Dimensional inspection 7.4.10.1.2 7.4.10.1.2 7.4.10.3.3 7.4.10.3.3
Traceability 7.4.10.1.4 7.4.10.1.4 7.4.10.3.5 7.4.10.3.5
Chemical analysis? 7.4.10.1.5 7.4.10.1.5 7.4.10.1.5 7.4.10.1.5
Visual examination 7.4.10.1.6 7.4.10.1.6 — —
Surface NDE — 7.4.10.2.8 7.4.10.3.8 7.4.10.3.8
Weld NDE 7.4.10.2.9

General — 742210 7.4.10.3.9

Visual examination — 742211 7.4.10.3.10 ":;;’r‘ﬁ't‘t’;’;g

NDE surface — 742212 7.4.10.3.11 except for

Repair welds — 742213 7.410.3.12 (gveee'dﬁv_?gif_ ;)

NDE volumetric — 742214 7.4.10.3.13

Hardness testing — — 7.4.10.3.14
Serialization — — 7.4.10.3.15 7.4.10.3.15
Volumetric NDE — — 7.4.10.3.16 7.4.10.4.11

@  Acceptance criteria shall be as required by 5.1, 5.2 and 5.3, as applicable.

7.4.10.1.3 Hardness testing

The following apply:

a) sampling:
Each part shall be hardness tested.

b) test method:
Perform hardness testing in accordance with procedures specified in ISO 6506 (all parts) or ISO 6508 (all
parts), or ASTM E10 or ASTM E18. Perform test at a location determined by the manufacturer's
specifications and following the last heat treatment (including all stress-relieving heat-treatment cycles)
and all exterior machining.

Cc) acceptance criteria:

Acceptance criteria shall be in accordance with the manufacturer's specification.

7.4.10.1.4 Traceability

Job-lot traceability is required.
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Identification shall be maintained on materials and parts, to facilitate traceability, as required by documented
manufacturer requirements.

Manufacturer-documented traceability requirements shall include provisions for maintenance or replacement
of identification marks and identification control records.

7.4.10.1.5 Chemical analysis
The following apply:
a) sampling:
Chemical analysis shall be performed on a heat basis.
b) test method:

Perform chemical analysis in accordance with nationally or internationally recognized standards specified
by the manufacturer.

c) acceptance criteria:

The chemical composition shall meet the requirements of the manufacturer's written specification.

7.4.10.1.6 Visual examination
The following apply:
a) sampling:
Each part shall be visually examined.
b) test method:
Perform visual examinations of castings in accordance with procedures specified in MSS SP-55.
Perform visual examination of forgings in accordance with manufacturer's written specifications.
c) acceptance criteria:
Acceptance criteria for castings shall be in accordance with MSS SP-55.
— for type 1: none acceptable;

— for types 2 through 12: A and B, acceptance criteria for forgings shall be in accordance with
manufacturer's written specifications.

7.410.2 PSL2

7.4.10.2.1 Tensile testing

Tensile testing shall be in accordance with 5.3.5.1 and 5.3.5.2.

7.410.2.2 Impact testing

Impact testing shall be in accordance with 5.3.5.1 and 5.3.5.3.
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7.4.10.2.3 Dimensional inspection

Dimensional inspection requirements for PSL 2 shall be identical to the requirements for PSL 1.
7.4.10.2.4 Hardness testing

Hardness testing requirements for PSL 2 shall be identical to the requirements for PSL 1.
7.4.10.2.5 Traceability

Traceability requirements for PSL 2 shall be identical to the requirements for PSL 1.
7.4.10.2.6 Chemical analysis

Chemical analysis requirements for PSL 2 shall be identical to the requirements for PSL 1.
7.4.10.2.7 Visual examination

Visual examination requirements shall be identical to the requirements for PSL 1.
7.4.10.2.8 Surface NDE

Surface NDE requirements shall be in accordance with 7.4.2.2.8 and 7.4.2.2.9.

7.4.10.2.9 Welding

Quality control requirements shall be in accordance with 7.4.2.2.10 to 7.4.2.2.14. Repair welding shall be in
accordance with 6.4.

7.4103 PSL3

7.4.10.3.1 Tensile testing

Tensile testing requirements for PSL 3 shall be identical to the requirements for PSL 2.
7.4.10.3.2 Impact testing

Impact testing requirements for PSL 3 shall be identical to the requirements for PSL 2.

7.4.10.3.3 Dimensional inspection

Dimensional inspection requirements for PSL 3 shall be identical to the requirements for PSL 1, with the
addition that inspection shall be performed on all parts.

7.4.10.3.4 Hardness testing

Hardness testing requirements for PSL 3 shall be identical to the requirements for PSL 1, with the addition
that one hardness test shall be performed on each finished part with additional tests at locations specified in
the manufacturer's design documents.

7.4.10.3.5 Traceability

Parts manufactured to PSL 3 shall be traceable to a specific heat and heat-treat lot.
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7.4.10.3.6 Chemical analysis

Chemical analysis requirements for PSL 3 shall be identical to the requirements for PSL 1.
7.4.10.3.7 Visual examination
None required.

7.4.10.3.8 Surface NDE

Surface NDE requirements shall be in accordance with 7.4.2.3.8.

7.4.10.3.9 Weld NDE — General

General weld NDE requirements shall be in accordance with 7.4.2.2.10.

7.4.10.3.10 Weld examination — Visual

Visual weld examination requirements shall be in accordance with 7.4.2.2.11.

7.4.10.3.11 Weld NDE — Surface

Surface weld NDE requirements shall be in accordance with 7.4.2.3.11.

7.4.10.3.12 Repair welds

Repair weld requirements shall be in accordance with 7.4.2.2.13.

7.4.10.3.13 Weld NDE — Volumetric

Volumetric weld NDE requirements shall be in accordance with 7.4.2.2.14.

7.4.10.3.14 Weld NDE — Hardness testing
The following apply:
a) sampling:
100 % of all accessible pressure-containing, non-pressure-containing and repair welds shall be tested.
b) test method:

Perform hardness testing in accordance with procedures specified in ISO 6506 (all parts) or ASTM E10 or
procedures specified in ISO 6508 (all parts) or ASTM E18.

Perform at least one hardness test both in the weld and in the adjacent unaffected base metals after all
heat treatment and machining operations.

c) acceptance criteria:
Acceptance criteria shall be in accordance with the manufacturer's specifications.

The hardness recorded in the PQR shall be the basis for acceptance if the weld is not accessible for
hardness testing.
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7.4.10.3.15 Serialization

Serialization requirements shall be in accordance with 7.4.2.3.14.

7.4.10.3.16 Volumetric NDE

Volumetric NDE requirements shall be in accordance with 7.4.2.3.15.

7.4.10.4 PSL4

7.4.10.4.1 Tensile testing

Tensile testing requirements for PSL 4 shall be identical to the requirements for PSL 2.

7.4.10.4.2 Impact testing

Impact testing requirements for PSL 4 shall be identical to the requirements for PSL 2.

Acceptance criteria shall be in accordance with the manufacturer's specifications.
7.4.10.4.3 Dimensional inspection

Dimensional inspection requirements for PSL 4 shall be identical to the requirements for PSL 3.
7.4.10.4.4 Hardness testing

Hardness testing requirements for PSL 4 shall be identical to the requirements for PSL 3.
7.4.10.4.5 Traceability

Traceability requirements for PSL 4 shall be identical to the requirements for PSL 3.
7.4.10.4.6 Chemical analysis

Chemical analysis requirements for PSL 4 shall be identical to the requirements for PSL 1.
7.4.10.4.7 Visual examination

None required.

7.4.10.4.8 Surface NDE

Surface NDE requirements for PSL 4 shall be identical to the requirements for PSL 3.

7.4.10.4.9 Weld NDE

No welding except overlay is permitted on PSL 4 parts or equipment. Weld NDE requirements for overlay in
PSL 4 shall be identical to the requirements for PSL 3.

7.4.10.4.10 Serialization

Serialization requirements for PSL 4 shall be identical to the requirements for PSL 3.
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7.4.10.4.11 Volumetric NDE

Volumetric NDE requirements for PSL 4 shall be identical to the requirement for PSL 3, with the addition of the
following:

a) acceptance criteria for the ultrasonic testing:

Same acceptance criteria as PSL 3, with the addition that no continuous cluster of indications on the
same plane, regardless of amplitude, shall be found over an area twice the diameter of the search unit.

b) acceptance criteria for the radiographic testing:
Acceptance criteria shall be as follows:
— no type of crack, lap or burst;
— no elongated indications exceeding 6,4 mm (1/4 in);

— no more than two indications separated by less than 13 mm (1/2 in).
7.4.11 Bullplugs, valve-removal plugs and back-pressure valves (see Table 26)
74111 General
Cast iron shall not be used. Weld repair is not allowed.

7.411.2 Tensile testing

Tensile testing for bullplugs and valve-removal plugs shall be in accordance with 5.4.2.3.
Tensile testing for back-pressure valves shall be in accordance with 5.3.5.2.

7.411.3 Impact testing

Impact testing for bullplugs and valve-removal plugs shall be in accordance with 5.4.2.4.
Impact testing for back-pressure valves shall be in accordance with 5.3.5.3.

7.4.11.4 Hardness testing

Hardness testing shall be in accordance with 7.4.2.1.3.

7.411.5 Dimensional inspection

Dimensional inspection shall be in accordance with 7.4.2.1.4. In addition, all threads or retention profiles shall
be gauged.

7.4.11.6 Traceability

Traceability requirements shall be in accordance with 7.4.2.2.5.

7.4.11.7 Chemical analysis

Chemical analysis requirements shall be in accordance with 7.4.2.2.6.
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7.4.11.8 Visual examination

Visual examination shall be in accordance with 7.4.2.1.5.

7.4.11.9 Hydrostatic test for back-pressure valves

The back-pressure valves shall be hydrostatically tested by applying a minimum of the rated working pressure
across the full sealing bore of the back-pressure valve. Seals may be replaced after testing. Acceptance
criteria shall be in accordance with 7.4.9.3.3 c). Pressure holding period shall be 3 minutes minimum.

Table 38 — Quality control requirements for bullplugs,
valve-removal plugs and back-pressure valves

Test Body Body Valve sealing Assembly
(bullplugs and | (back-pressure mechanism (back-pressure
valve-removal valves) (back-pressure valves)
plugs) valves)
Tensile testing? 74112 5.3.5.2 — —
Impact testing® 74113 5.3.5.3 — —
Hardness testing® 74.11.4 74114 — —
ISO 15156 (all parts) (NACE 7415 7415 7415 —
MRO0175; see Clause 2)
Dimensional inspection 74115 74115 — —
Traceability 74116 74116 — —
Chemical analysis? 7.4.11.7 7.4.11.7 — —
Visual examination 7.4.11.8 7.4.11.8 — —
Hydrostatic test — — — 74119
@  Acceptance criteria in accordance with 5.4.2.3.
b

Acceptance criteria in accordance with 5.4.2.4.

¢ Hardness testing is not required for those materials that have no hardness restriction specified by ISO 15156 (all parts)

(NACE MRO0175; see Clause 2) or are not heat treated to obtain a minimum specified strength level.
d Acceptance criteria in accordance with 5.4.5.

7.5 Quality control records requirements
7.5.1 General

7511 Purpose

The quality control records required by this International Standard are necessary to substantiate that all
materials and products made to meet this International Standard do conform to the specified requirements.

7.5.1.2 IS0 15156 (all parts) (NACE MRO0175; see Clause 2) records requirements

Records required to substantiate conformance of material classes DD, EE, FF and HH equipment to ISO 15156
(all parts) (NACE MR0175; see Clause 2) requirements shall be in addition to those described in 7.5.2, unless
the records required by this International Standard also satisfy the ISO 15156 (all parts) (NACE MR0175; see
Clause 2) requirements.
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7.5.1.3 Records control
The following apply.

a) Quality control records required by this International Standard shall be legible, identifiable, retrievable and
protected from damage, deterioration or loss.

b) Quality control records required by this International Standard shall be retained by the manufacturer for a
minimum of five years following the date of manufacture as marked on the equipment associated with the
records.

c) All quality control records required by this International Standard shall be signed and dated.
7.5.2 Records that shall be maintained by manufacturer

7.5.21 Body, bonnet, end and outlet connections, stem, valve-bore sealing mechanism, mandrel
tubing hanger and casing hanger records

The following apply:
a) for PSL1:
1) material test records:
— chemical analysis,
— tensile test,
— impact test (if required),
— hardness test;
2) welding process records:
— weld procedure specification,
— weld procedure qualification record,
— welder qualification record;
3) NDE personnel qualification records;
4) hardness test (if applicable);
b) for PSL 2:
1) All records required for PSL 1 are also required for PSL 2.
2) NDE records:
— surface NDE records,
— weld volumetric NDE records,
— repair weld NDE records;

3) heat-treatment certification of compliance;
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c) forPSL 3:
1) All required records shall reference the specific part serial number.
2) All records required for PSL 2 are also required for PSL 3.
3) volumetric NDE records (except valve-bore sealing mechanisms).
4) heat-treatment record:
— actual temperature,
— actual times at temperature,
— certification of compliance is not required;
5) hardness test record:
— actual hardness;
6) welding process records:
— welder identification,
— weld procedures,
— filler material type,
— post-weld heat treatments;
7) records that dimensional inspection was performed (those activities required by 7.4.2.3.4);
d) for PSL 4:
1) All required records shall reference the specific part serial number.
2) All records required for PSL 3 are also required for PSL 4.

3) actual heat-treatment temperature charts showing times and temperatures are required for bodies,
bonnets, end and outlet connections, stems, mandrel tubing and casing hangers.

4) melting practice utilized (bodies, bonnets, and end and outlet connections only).

7.5.2.2 Ring gasket records
No records are required.
7.5.2.3 Studs and nuts records

No records are required.

7.5.2.4 Non-metallic sealing material records

Non-metallic sealing material records are required and shall be in accordance with 7.4.8.
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7.5.2.5 Bullplugs, valve-removal plugs and back-pressure valves
The following material test records are required:
— chemical analysis;
— tensile test;
— impact test;
— hardness test.
7.5.2.6 Assembled equipment records
a) for PSL 1, no records are required;
b) for PSL 2, the following assembled-equipment pressure test records are required:
— actual test pressure,
— holding period duration;
c) for PSL 3:
1) All records required for PSL 2 are also required for PSL 3.
2) Additionally, the following records are required:
— assembly traceability records,

— hydrostatic pressure test records;

3) Furthermore, the following gas-test records are required for equipment designated PSL 3G:

— actual test pressures,
— actual holding period durations;
d) for PSL 4:
1) All records required for PSL 3 are also required for PSL 4.
2) Additionally, the following gas-test records are required:
— actual test pressures,
— actual holding period durations.
7.5.2.7 Choke trim records
The following apply:
a) for PSL 1 and PSL 2, no records are required;

b) for PSL 3 and PSL 4, surface NDE records are required.
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7.5.3 Records that shall be furnished to purchaser

7.5.3.1 General

These records shall be provided by the manufacturer to the original purchaser of equipment made to comply
with this International Standard.

These records, if applicable, shall be identical to or contain the same information as those retained by the
manufacturer.

These records provided by the manufacturer shall prominently reference part serial number(s).

7.5.3.2 Body, bonnet, end and outlet connections, stem, valve-bore sealing mechanism, mandrel
tubing hanger and casing hanger and back-pressure valve records

The following apply:
a) for PSL 1 to PSL 3, no records are required,;
b) for PSL 4, the following records are required:
— NDE records,
— hardness test records,
— material test records,

— heat treatment records.

7.5.3.3 Ring gasket records

No records are required.

7.5.3.4 Studs and nuts records

No records are required.

7.5.3.5 Non-metallic sealing material records
a) for PSL 1 to PSL 3, no records are required,;

b) for PSL 4, certification of compliance is required, stating that non-metallic seals conform to PSL 4 of this
International Standard.

7.5.3.6 Assembled equipment records
a) for PSL 1 and PSL 2, no records are required;
b) for PSL 3, the following records are required:

— certificate of compliance stating that equipment conforms to PSL 3 of this International Standard, and
the temperature and material class,

— assembly traceability records,
— pressure test records;

c) for PSL 3G and PSL 4, all records/certifications for PSL 3 are required with the addition that gas-test
records shall also be furnished.
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8 Equipment marking

8.1 Marking requirements

8.1.1 General

Equipment shall be marked on the exterior surface as specified in Table 39. Marking shall contain the
designation ISO 10423, the temperature classification, or maximum and minimum operating temperatures,
material class, product specification level, performance requirement level, date of manufacture (month and

year), and manufacturer's name or mark. Other marking shall be as specified in Tables 39 to 47. Marking for
features that do not exist on a product is not applicable.

8.1.2 Marking method
Marking using low-stress (dot, vibration or rounded V) stamps is acceptable. Conventional sharp V-stamping
is acceptable in low-stress areas, such as the outside diameter of flanges. Sharp V-stamping is not permitted

in high-stress areas unless subsequently stress-relieved at 590 °C (1 100 °F) minimum. The method of
marking on nameplates is optional.

8.1.3 Nameplates
Nameplates are not required if the information is permanently marked on the body or connector.

8.1.4 Hidden marking

Marking required on a connector OD that would be covered by clamps or other parts of the connector
assembly shall be stamped in a visible location near the connector.

8.1.5 Thread marking

The thread type marking, in accordance with ISO 11960, shall be as follows:
— line pipe: LP;

— casing (short thread): STC;

— casing (long thread): LC;

— casing (buttress): BC;

— casing (extreme line): XC;

— tubing (non-upset): NU;

— tubing (external-upset): EU.

8.1.6 Size marking

The size marking shall include the nominal size and, if applicable, the restricted or over-size bore.
8.1.7 Weld metal overlay

If equipment has metal-overlaid, corrosion-resistant ring grooves, the ring gasket type and number shall be
followed by “CRA” to designate a corrosion-resistant alloy, or “SST” to design