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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
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Introduction

GEN IV reactors’ objectives are to meet reinforced requirements (compared to GEN II to III reactors)
concerning safety and reliability and linked with design and fabrication of equipment:

— to excel in safety and reliability;

— to eliminate the need for offsite emergency response;

— to have a very low likelihood and degree of reactor core damage.

This is supppTted With tThe use of codes or standards With a proven NiStory of SUpporting publicsafety.

The purpose of this document is not to replace these codes or standards but to identify the essgntial
technical requirements which need to be addressed by the design and fabrication codes in order to
allow to megt such safety requirements at the expected level for the GEN IV reactors.

It enables these standards to co-exist, providing an approach that can accommodate techfnical
innovations| existing national frameworks and market needs.

vi © ISO 2018 - All rights reserved
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Essential technical requirements for mechanical
components and metallic structures foreseen for
Generation IV nuclear reactors

1 Scope

This[document defines the essential technical requirements that are addressed in the proegss of design
and ¢onstruction of Generation IV (GEN IV) nuclear reactors. It does not address operation, thaintenance
and in-service inspection of reactors.

Six reactor concepts are considered for GEN IV: the sodium fast reactor, the lead fast reactor] the gas fast
reactor, the very high temperature reactor, the supercritical water reactor and’the molten §alt reactor.

Anngx A details the main characteristics for the different concepts.

The §cope of application of this document is limited to mechanical components related to nyclear safety
and Yo the prevention of the release of radioactive materials

— that are considered to be important in terms of nuclear.safety and operability,
— that play a role in ensuring leaktightness, partitioning, guiding, securing and supporting, and

— that contain and/or are in contact with fluids (such as vessels, pumps, valves, pipes, bellows, box
gtructures, heat exchangers, handling and driving mechanisms).

2 Normative references

The following documents are referred*to in the text in such a way that some or all of their content
constitutes requirements of this,document. For dated references, only the edition cited |applies. For
unddted references, the latest edition of the referenced document (including any amendments) applies.

ISO/IEC 17050-1, Conformity/assessment — Supplier's declaration of conformity — Part 1: General
requirements

3 Terms anddefinitions

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

ISO gndAEC maintain terminological databases for use in standardization at the following dddresses:

la¥a wfa VW h . 1l L I P | P e LL . L1
— OU UIHIIIT DI UWSIITE PIAUULIL dVdIldUIC dULILLDS. /7 W W W.15U.01 £ /00D

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

31
certification
third-party attestation related to products, processes, systems or persons

[SOURCE: ISO 17000:2004, 5.5 modified — notes deleted]

3.2
component
part of equipment which can be considered as an individual item

© ISO 2018 - All rights reserved 1
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3.3
conformity

:2018(E)

fulfilment of specified requirements

3.4
contractor

supplier (3.16) in a contractual situation

3.5
designer

organization or individual that performs design of components (3.2) in compliance with a number of

requiremen
good enging

3.6
equipment
document u

Note 1 to ent

Scope;

scope of

referenc

Note 2 to enf
limiting cond
check the de{
equipment s

Note 3 to ent

3.7
examinatig
activity car
processes o}

3.8

inspector
person in c}
the technic3

Note 1 to en
phases to wh|

Note 2 to ent
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ering practices

specification
ced to specify technical and quality assurance requirements of the equipment

'y: The equipment specification specifies in particular:

supplies (such as description, safety classification, quality grade, seismicity);
e documents, together with details of their conditions of application, where necessary.

ry: The equipment specification and a set of supplementary reports (operating conditions r¢
itions definition report, interface reports, loading definition reports) contain all data requiy
ign rules according to the specified criteria level. Allthese data are designated by the general
ecification.

y: The equipment specification also addresses'the design activities.

n
Fied out by qualified personnel using qualified procedures to assess that given prod
" services fulfil conformity (3:3)

jarge of verifying.the compliance of the documentation issued by a supplier (3.16) ag
| attachments to-the order

ry: The inspgctor is also the person in charge of verifying the correctness of certain fabrig
fich he or she'is called to attend.

Fy: The'inspector can or cannot be a member of the supplier's staff.

3.9

rds,

port,
ed to
term

ucts,

ainst

ation

manufacturer
legal entity responsible for final design, manufacturing, engineering, and for the construction of any

component (

3.2) of the nuclear reactor

Note 1 to entry: Beyond the scope of mechanical components and metallic structures, different entities are
usually responsible for the functions of manufacturing, engineering and design. Sometimes, one entity could be

responsible fo

r more than one of the mentioned functions (e.g. design and engineering).

© ISO 2018 - All rights reserved
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3.10

operating organization

legal entity having been duly authorized to implement and execute the operation of the nuclear
installation

Note 1 to entry: In the subject field, the concept is usually designated by the term “Operator” beginning with
capital letter.

3.11
prime contractor

legal entity granted that receives a major contract from the owner for providing a full provision of
elth\_r thonuclaaricland and/arthalhalanca af nlant

trre-rrercrC o oo oo ot rrC-oorrorrrc e o prorrre

3.12
qualjfication
proof of suitability of an individual, product, process, procedure or service)to fulfil specified
requjrements

3.13
regulation
ruled promulgated by a regulatory body in accordance with legal statutes or directives

3.14
standard
codeq
document established and approved by a standard issuingbody that provides for common and repeated
use, mandatory requirements, guidelines or characteristics for activities or their results

Note [l to entry: A code or standard can be approved byta safety authority, depending on the regulations (3.13) in
a giv¢gn country.

3.15
subgdontractor
any dontractor (3.4), except for a prime contractor (3.11), providing supplies and/or servicg¢s through a
contract passed with other project contractor or eventually the project management for spgcific items

Note|1 to entry: Some of these(subcontractors will be explicitly named as tubes manufacturen (3.9), plates
manyfacturer (rolling mill), forgings manufacturer (forging mill), pumps manufacturer, valves manufacturer.

3.16
supplier
indiyidual and legal)entity (steelmaker, forging mill, pipemaker, foundry, etc.) respongible for the
fabrication of products or parts on behalf of the manufacturer (3.9) or one subcontractor (3115)

3.17
surveillance agent
persprinot subordinated to the supplier (3.16) concerned, commissioned to ensure that the component
(3.2) s constructedand-imspected i comptiance withthe documentsattachedtotheorders placed
with the supplier, with the present code and with the documents drawn up in application of the latter

3.18

testing

activity carried out to determine, by specific procedures, that one or more characteristic of a product,
process or service fulfil conformity (3.3)

3.19

inspection body

organization that performs inspections on any granted-by-contract service or supply as provided for
by standards (3.14) and is independent of the manufacturer (3.9), contracting party, owner or operating
organization (3.10)

© ISO 2018 - All rights reserved 3
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4 Units of measurements

Measurements shall be in SI units. Product standards that are available only in other units may
be used. Other cases are to be adopted with appropriate and consistent conversion factors to avoid
assembly/interface-related issues.

5 Management system

A management system shall be established and implemented that meets the requirements defined by

the IAEA.

6 Techn]

6.1 Gene

The use of 4
and combin

The user of
designed.

The adequa

the typd

relevan
and levq

ical requirements

ral

code or standard for the design of a component ensures structural integrity against
htion of them, though some level of geometrical and functional damage' can be present

a code or standard shall select the code/standard in adequacy‘with the component

'y shall be evaluated on:
t of components (component function, component classification);

F operating conditions such as pressure, temperature, flow rate, chemical environment
] of radiation;

materi

failure

As standard
(material, d
different ste

If the code ¢

l;
lodes (include identification of possible loads and their combinations).

s or codes ensure consistency between the different steps of a component manufact
bsign, fabrication), it is recommmended to use consistent set of standards or codes fo
ps of a component design(

r standard does not fully cover the needs for design of the component, the user shall d

the complementary requireménts to apply and shall verify the consistency between the diff

requiremen

In a reactor,
will lead to
same systen

6.2 Mate

[s and the code.

it is possihlecto use different standards or codes for different components; neverthele
define additional requirements to provide rules for consistency between equipment i
h builtaecording to different standards or codes.

rials

oads

to be

sort

ring
the

efine
brent

ss, it
n the

6.2.1 General

Materials of pressure-bearing parts, materials for non-pressure bearing parts (e.g. supports and
attachments) and welding consumables used for the manufacture of mechanical components shall be
suitable for intended application and to other foreseeable but unintended conditions.

Choosing a material referred to in a code or standard does not automatically assume its suitability for
use, as this is specifically dependent on the radiation field, physical and chemical environment (e.g.
incompatibility of aluminium with a sodium environment).

An identification system shall be established and maintained for materials used in fabrication so that
all materials can be traced to their origin. This includes the use of welding consumable.

© ISO 2018 - All rights reserved
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Annex B gives some illustrations of material selections for the different projects.

6.2.2 Specification of materials
The material properties shall:

a) be appropriate for all operating conditions that are reasonably foreseeable and for all test
conditions:

— in particular, they shall be sufficiently ductile and tough;

ent;

they shall not be adversely affected at operating conditions (e.g. by ageing, ereep, irradiation
embrittlement);

be compatible with NDT methods needed for fabrication and in service inspection issugs (NDT and
inspection feasibility are not only depending on the material seleetion, but material |[shall not be
incompatible with the selected methods).

A waly to select a material may be to use a material file. A materiakfile might contain the follpwing parts:
a) Introduction

1) Material specification (including chemical compdsition, grade)

2) Codes and standards dealing with these parts-or products

3) Procurement specifications

4) Industrial application and experierice

b) IPhysical properties

c) Base metal and welded jointstmechanical properties for design and analysis
1) Justification of the applicability of the design rules for the specified usage conditiohs
2) Basic mechanical\properties

3) Mechanicalproperties needed for the specified usage conditions

4) Guaranty-of the consistency between the properties of the final part laid-on the plant and the
mateérial properties used to design the component

d) Manufacturing

OJ—Imdustriatexperiernce

2) Metallurgy
e) Fabrication

1) Industrial experience

2) Forming operation ability
f) Welding

1) Weldability

2) Industrial experience for the welding procedure qualification

© IS0 2018 - All rights reserved 5
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g)
h)

3) Industrial experience for the welding repair procedure qualification
Capability to be inspected
In service behaviour

1) Thermal ageing, corrosion, erosion-corrosion, irradiation

© ISO 2018 - All rights reserved
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Once the material is selected, the way to procure it shall be described in a document (procurement
specification). This specification shall include:

a)
b)
‘)
d)
e)
f)
g)
h)
i)
)
k)
I

m)

Scope

Melting process

Chemical requirements

Manufacture (including forming, surface treatments, heat treatments)

Mechanical properties

$urface examination — Surface defects
Yolumetric examination

Removal of unacceptable areas
Pimensional check

Marking

[leanliness — Packaging — Transportation

[est reports

Acceptance criteria

6.2.3 Material conformity declaration

The

with
shall

specification.

6.3

Design

6.3.1 General

The

mech
cond(Etions.

The

of th

The

the requirements of specifications pérmitted by the applicable standards. The
obtain material identification and linkability certification as required by the applicable material

anufacturer

fomponent manufacturer shall take apprepriate measures to ensure that materialsn_\{jsed comply

him of design rules\s to ensure that the components are mechanically resistant under the various
janical loads @nd load combinations to which they could be exposed in specified operating

amagesshall be identified, taking into account the elements (e.g. safety classification, functionality
b components, operating conditions, component material) given by the equipment speg¢ification.

depted design standard might not caver other jeopardizing factors, such as erosion/dorrosion, or

radiation embrittlement. For this reason, the designer shall identify additional standards or measures
to cope with these factors and apply their contents.

The design includes the identification of damages, the consideration of loads applied to the component,
the definition of criteria to apply to the design, the design by itself, the fabrication of the component, the
test and examinations needed to validate the fabrication and the establishment of the documentation.

6.3.2 Damages

The following is a list of the damages identified for the different types of reactors. A short definition of
the damages is given in Annex C. The design shall consider the following failure modes and specifically

© ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=11045dd1c7e683f4159c798c92110363

ISO 18229

:2018(E)

address those listed in the table identifying the damages which are likely to occur for the different type

of reactors:
—  immedi

— immedi

ate excessive deformation;

ate plastic instability;

— time-dependent excessive deformation;

— time-dependent plastic instability;

— time-dependent fracture;

— elastic qr elastoplastic instability;

— progressive deformation;

— fatigue

— creep fdtigue;

— load controlled buckling;

— strainc

— time-dejpendent buckling;

— fast fragture.

6.3.3 Considerations for operating conditions and load combinations

During operation, a component may be subjected to anumber of different operating conditions W
are classifigd under four categories according te‘considerations on structural integrity and

relevant tec
The operati

— the firs

conditigns to which the component may be subjected in the course of normal operation, incly

normal
and shul

— the thifd category operating conditions include design basis accident, emergency condit

corresp

— the founth category operating conditions, which are highly improbable but whose consequenc
comporfent ate-studied among others for safety reasons.

The testing

[ progressive cracking);

pntrolled buckling;

hnical aspects associated with plantoperation.
hg conditions for each componentare classified as follows:

t category operating conditions and the second category operating conditions ar¢

operating incidents, basis events (including anticipated operational occurrences), sta
fdown;

onding to very-low probability of occurrence but which shall nonetheless be considere

rhich
bther

e the
1ding
rt-up

ions,
d;

£S On

| test

conditions in which the component may be subjected in the course of post-fabricatior

shall be classified under one of the three first categories defined above.

The list and classification of operating conditions shall be defined in the equipment specification and

the credible

combination of events shall be taken for structural integrity assessment.

There is a set of possible effects (pressures, forces, heat flux, irradiation, corrosion) corresponding to
each operating condition. Some of these effects, which may produce mechanical work depending on the
component deformation, are referred to as loads. Sets of simultaneous loads are referred to as loadings.

The loads constituting loadings include, but are not limited to, the following:

— internal and external pressures;

© ISO 2018 - All rights reserved
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the weight of the component and its contents, and the static and dynamic loads produced by liquids
under each condition analysed;

forces resulting from weight, thermal expansion, and pressure and dynamic loads which originate
outside the zone studied and which are applied at its boundaries;

loads resulting from earthquakes and vibrations, if any;
reactions of supports;

temperature effects, either constant or transient;

Wind;
wind-borne missile;
flood loads;

forces resulting from non-free swelling in irradiation conditions.

The level of criteria to be met shall be defined in the equipmentspecification for each loadinjg associated

with|an operating condition or set of operating conditions.for each equipment.

To simplify the text, the following minimum criteriat0-be applied for the different situatiop categories

will be identified as level A, B, C and D criteria with'the following correspondence (see 6.3.3):

6.3.4.2 Levels A and B eriteria

vel A criteria correspond to the first category operating conditions,
vel B criteria correspond to the second category operating conditions,
vel C criteria correspond to the third category operating conditions,

vel D criteria correspond te.the fourth category operating conditions.

The aim of levels A and Bcriteria is to protect the component against the following types of damage:

]::mediate or time-dependent excessive deformation;
mediate or time-dependent plastic instability;

fimeé-dependent fracture;

tasticor etastoptastic instabitity, immediate or tIMe-dependent;
progressive deformation;
creep fatigue;

fatigue.

The respect of levels A and B criteria guarantees the level of safety required with regard to these types
of damage throughout the life of the component, for operation as specified. It shall be met for the first
and second category operating conditions.

© ISO 2018 - All rights reserved 9
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6.3.4.3 Level C criteria

The aim of level C criteria is to protect the component against the following types of damages:

immedi
immedi
time-de

ate or time-dependent excessive deformation;
ate or time-dependent plastic instability;

pendent fracture;

elastic or elastoplastic instability, immediate or time-dependent.

When a con
A and B crit
be necessar
its condition

Itis recalled
cycles, whic

The criteria
6.3.4.4 Le¢

6.3.4.4.1

The aim of ]
lower safety

immedi

time-de

elastic g

It will not al
limited by lg

The criteriag
level D.

6.3.4.4.2 |
shall not be
conditions 1
thatall A an
under these

ponert ias been subjected to oadings wiich;, white satisfyimg tevet- € criteria; exceed
bria, it is possible that small levels of overall deformation could occur. Consequently, it
 to inspect a component subjected to these types of loading before reusing it to.€nsurg

is satisfactory.

that level C criteria do not require fatigue analyses and consequently, the number of s
h are only limited by level C criteria, should not exceed 10.

to be met for third category operating conditions shall be at least as‘severe as those of le
vel D criteria

General

bvel D criteria is to protect the component againsttthe following types of damages but
margins than those with level C criteria:

hte or time-dependent plastic instability;
pendent fracture;
r elastoplastic instability, immediate or time-dependent.

'ways be possible to return te service a component having been subjected to a loading
vel D criteria.

to be met for fourth-category operating conditions shall be at least as severe as thg

(Vhen allocatirig an event to a situation category, the operating conditions of the equip
mixed with.the operating conditions of the plant. For example, operating under acci
hay be adnprmal operating situation for some specific equipment. Still, this does not
1 B criteria shall apply to this equipment if, for example, the mission time for this equip
condifions is short and if these conditions do not induce certain phenomena such as fat

level
rould
that

tress

vel C.

with

only

se of

ment

e

ment
igue.

6.3.4.4.3 For all criteria levels, margins shall be defined. Design margins on material properties and
types of design (including appropriate fabrication details) shall address foreseeable failure modes under
specified loading conditions.

Material properties to be taken into account, where applicable, include:

time-de

10

yield strength;

tensile strength;

pendent strength, i.e. creep strength;

fatigue data;

modulus of elasticity;

© ISO 2018 - All rights reserved
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strain;

mpact strength;

— fracture toughness.

6.3.4.4.4 The method described in 6.3.3 and 6.3.4 is related to the design deterministic approach.
Classification of events in category is an input for the design. It should be done in link with safety
considerations such as included in IAEA requirement SSR-2/1[5].

The following parts give some warning regarding failure modes not necessarily addressed by design

and q

6.3.5

If thd
corr
a ceql

during the specified service life of the component, shall be added to the minimum thickness

on tH

component if different rates of attack are expected for various areas:

6.3.4

Plugs
the i
conc
takel

A fat
accol

Insof

component.

- | - 1
Ullbtl uLtlUll COUCS I gCIICT d1.

Corrosion, erosion, erosion-corrosion, wear

sion, abrasion and wear) or under the effects of products handled or enyvironmenta
tain additional thickness shall be provided. This thickness, which shall compensate

e basis of design the rules set. This additional thickness need not.be the same for all

Attachments

, brackets, hooks, stiffeners pads and other attachiments may be welded, bolted on
hternal or external component walls. The effectstof attachments on thermal stressg
entrations and their possible deformation limiting effects on pressure-retaining p4
1 into account when checking that the designrequirements are met.

igue analysis of the zones concerned by-these attachments is essential and shall be c4
dance with the rules of the selected.code or standard.

ar as possible, attachments intended for assembly shall be ground flush after instal

Sudden variation in-the mechanical properties at junctions

al attention shall be'paid to the design, analysis, manufacture and controllability of j
bled by welding or compression, between materials which do not have the same
rties. These properties comprise expansion, creep rate and ductility, and fatigue stre

e component is subject to in-service thinning resulting from surface corrdsion (erosjon, erosion-

conditions,
for thinning
determined
areas of the

screwed to
s, on stress
rts shall be

irried out in

ation of the

bints, where
mechanical
ngth at high

technically

6.3.8 Nuclear cleanliness requirements

ed residual

Components shall be designed so that each part or subassembly can be thoroughly cleaned during
manufacture and after installation, and that the state of cleanliness thus obtained can be verified over

thee

ntire part or subassembly.

Components shall be designed and installed so that they comply with the following:

residues or products liable to cause corrosion.

well as for access openings required for visual examination.

© ISO

2018 - All rights reserved

The manufacturer shall not adopt a geometry which favours the local accumulation of corrosion

Provision shall be made for the necessary inlet and outlet openings for fluids, vents and drains, as
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6.3.9 Thermal ageing

Many materials are subject to thermal ageing at temperatures which depend on their analysis and their
metallurgical condition. The degradation of mechanical properties of the material which are taken into
account in the design is a possible result of thermal ageing. Temperature and time conditions likely to
produce a significant deterioration in monotonic tensile properties shall be determined. When these
conditions are reached, the negative effect of thermal ageing on design analyses shall be taken into

account.

6.3.10 Irradiation

Irradiation

at 0,2 % off
called hards
significant t

6.3.11 Des

The purposd
of damage ¥
specificatio}

To fulfil, in
specificatio}

Analyses co
criteria and
to determin

Three meth

elastic 4

inelasti

The term el
material is ¢
no initial stj

The term in

Experiment
elements to
damage und

Ihsist in verifying criteria selected on the basis of;the method of analysis and the ley

experinental analysis.

benerally has an effect of increasing tensile stress properties (conventional yield strd
set, Rp0,2 %, conventional yield strength at 1 % offset, Rp1 % and tensile strength
bning; in return, ductility and toughness are diminished. When irradiation iscsuffici
o have a notable negative effect on design rules, it shall be taken into account:

ign methods

e of mechanical analyses is to demonstrate that a component does notundergo certain {
vhen subjected to the loadings associated with the conditions specified in the equip
.

each condition category, the criteria applicable to a)level defined in the equip
1 satisfies this requirement.

the type of damage. In the course of this verification, practical methods of analysis are

bds of analysis are acceptable in defining the significant quantities used in the criteria
nalysis;

C analysis (elastoplastic, plastic, visco-plastic, elasto-visco-plastic);

hstic analysis designates-analyses carried out on the assumption that the behaviour d
lastic and linear, thatthe displacements are small (geometrical linearity) and that thg
ess (or residual stress).

plastic analysisidesignates all the other methods except for experimental analysis.

hl analysis consists in subjecting models representing the component or some
loadings in order to determine the deformation and stresses or margins with regard t
er.Study.

ngth
Rm),
ently

ypes
ment

ment

rel of
used

e significant quantities and to compare these.quantities with maximum acceptable values.

f the
bre is

f its
o the

Elastic analysis should be the most commonly used method, the other methods of analysis only being
used when it has not been possible to check certain criteria associated with elastic analysis.

It may be necessary for technical reason to break a component up into several zones of calculation in
order to analyse a single type of damage.

In this case, an overall analysis of the component shall be made to determine the connections and loads
or displacements to be applied to the zone boundaries for each load case considered.

As a general rule, the same analysis method shall be used for all parts of the component. A method
other than that used for the entire component may be used locally provided that the coherence between
the two analysis methods is checked at the boundaries of the parts examined.

12
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The rules to be respected differ according to:

the level of criteria;
the method of analysis: elastic, inelastic or experimental;

the damage envisaged.

These rules also depend on three factors: temperature, time and irradiation:

— temperature because the properties of the material (allowable stresses, fatigue curves, creep

Desij

6.4

6.4.1

properties) often depend upon it and it shall therefore be taken into account;

ime because its influence on the behaviour of the materials shows up in phenomen
ften be neglected at moderate temperatures but which, on the other hand, shall'b

ccount at high temperatures. These phenomena due to the effect of time are genérally

y the term creep;

frradiation because neutrons could, at moderate temperature, genérate movemel

nd transmutation that could lead to changes in the material’s properties. At high t

irradiation could influence the behaviour of materials over timeZand thus contriby

“irradiation” creep combined with “thermal” creep). At high temperature, neutron
q
by irradiation.

bn rules shall be associated with their applicability domain based on:

1
dre met), it is possible to neglect creep; that is, the'effect of time;

q

¢onditions (if they are met), it is possibleto neglect the effect of irradiation;

he conditions for the absence of-significant ageing (negligible ageing) for material
educed mechanical strength under tension. Under these conditions (if they are met),
o neglect the effect of ageing,

Fabrication

General

Manfifacturing methods and techniques shall be appropriate for all aspects of the fabricaf]

cons

They
poss

The

dering degradation of materials from fabrication, heat treatment or forming.

shall ‘be described in documents containing the minimum requirements to be m
bleffollowing the chronological order of fabrication.

he conditions for the absence of significant creep (iégligible creep). Under these condif

he conditions for the absence of significant irradiation (negligible irradiation). |

h which can
b taken into
r designated

1t of atoms
bmperature,
ite to creep
5 could also

ause gas swelling, coming from the formation and growth of cavities due to the vacancies created

ions (if they

Under these

5 displaying
t is possible

ion process,

bt, as far as

focumments give generatty the i TeqUiTenents thrat apply to manufacture apartt]

om welding

of components, the manufacturer being required to add any additional arrangements it considers
necessary to ensure quality of manufacture. This is because no manufacture and implementation rule
can be expressed in sufficient detail to ensure a proper fabrication. This essentially depends on the
resources and the know-how of each manufacturer. Furthermore, the latter shall make allowance for
any additional rules and tolerance limits that may be specified in the equipment specification.

The

manufacture includes:
identification of materials;
preparation of parts;

welding;

© ISO 2018 - All rights reserved
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— forming and dimension tolerances (taking into account interface requirements);

6.4.2

cleaning;

heat treatment.

Identification of materials/parts

The identification system is a means of unequivocally associating a part or welded joint with a given set
of documents.

An identific

that all mat

origin. This

Procedures
throughout

Final record

6.4.3 Preparation of parts

Appropriatg methods for preparation of parts (e.g. cutting and forming) shall be selected to ey

that defects| such as cracks or detrimental changes in the mechanicaland chemical characteristic

avoided.

These include:

— the chegks before fit-up (checking of dimensions, visualexamination and surface finished checK

— checkinig after fit-up (dimensional checking, visual examination of the joint ready for weldin
instance);

— the assqciated criteria as a function of the.class of the component.

erials including those welded thereto in the completed component can be traced to
includes the use of welding consumable.

to ensure material traceability, including transfer of markings, shall-be ‘perfo
fabrication and records maintained to document the method used.

s shall include all material certification required by quality control precedures approp

6.4.4 Welding

6.4.4.1 G¢

As welding
essential th

6.4.4.2 Py

A welding o

prepar

tneral

results in changes.in the mechanical and chemical properties of the parent metal
ht the process Heywell-controlled.

oduction welds

beration is defined as:

180 ~fF+h ot
tt Ttt t

tion system shall be established and maintained for all materials used in fabrication so

their

‘med

riate.

sure
b, are

ing);
g for

it is

checkin

14
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OTT TC-STUTrTactts

utilization of filler metals;

utilization of welding processes for production welds, repair of component;
the completion of weld production and repair welds;

associated heat treatment (pre-heating, post-heating and stress relief);
checks at the different stages of the welding operations;

the conditions of producing production coupon parts;

g.

other operations associated with welding such as choice of joint type, cutting, fit-up and associated

© ISO 2018 - All rights reserved
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The main links for the qualifications are summarized below.

The acceptance of a lot of filler metals may only take place after drawing up the qualification for the

product. This is because the qualification specification makes it possible to specify the
lot and to limit the scope of utilization of the product.

content of a

The lot of filler metals used during qualification of the welding procedure shall have been the subject

of acceptance.

Welders and operators who have successfully completed the qualification test of a pr
qualified for use of the procedure.

ocedure are

&ualification of a procedure includes the completion of a test on a conventional joint
etal used. The procedure qualification report is to be quoted in the qualification.cert

Changing the brand or the conditions of production of a filler metal does not necéssari
ualification of the procedure when the conditions in the sections relating te the scope

Ihe qualification, as concerns the filler metals, are satisfied. However, thismécessitates
f qualification of the filler metal.

A procedure shall have been pronounced qualified in the workshop where it is utiliz
from one workshop to another, or on the site and storage canditions, is however,
¢onditions of such a transfer are defined.

The tests on conventional joints provided for qualificatio. of filler metals are to be car
production workshop qualified and with filler metals which have passed acceptance te

6.4.4.3 Acceptance of filler materials

Thesle tests are intended for checking that lots of filler metals used in fabrication are of unva
corrg¢sponding to that of the lots that have beenthe subject of prior testing. Therefore, acce

shall

test results apply. The acceptance tests to'be performed on products are a function of the

to be

performed. They include product tests and tests on metal after dilution.

6.4.4.4 Welding procedurequalification

The yequirements concerning’the qualification of welding processes depend on the grade d
metd], the type of weld to-beé made and, possibly, the operating procedure.

For dach type of qualification, the qualification document specifies:

the qualification test piece (e.g. parent and filler metals, geometry, heat treatment afte

the welding conditions;

ith the filler
ficate.

y invalidate
bf validity of
resumption

ed. Transfer
cceptable if

-ied out by a
Sts.

ried quality
ptance tests

be carried out under conditions that can'be replicated and ensure that the filler metal qualification

Lype of weld

f the parent

 welding);

f{hemon-destructive examinations to be carried out and the associated criteria;

the destructive tests to be carried out and the associated criteria;

the scope of validity.

As a general rule, the manner in which the qualification terms and conditions are written is based on
the standard plan of ISO 15614 (all parts).

6.4.4.5 Qualification of welders and operators

Qualification shall be ensured before any fabrication begins, in order to ascertain the ability of welders
and operators to make satisfactory welds in accordance with qualified welding procedures.

© ISO 2018 - All rights reserved
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6.4.4.6 Qualification of filler materials

Filler metal qualification shall be defined when actions for which qualification of the designation in the

brand is req

— powder

6.4.4.7 Te

uired. These products are:

fluxes (associated with a wire or strip of a given chemical composition);

cored wires;

coated electrodes.

chnical qualification of production workshops
r

Technical qyalification of the fabrication workshop is intended to evaluate its capacity and-technical

resources fd
carrying ou

welding
work af
the clas
stockin

heat tre

destruc

6.4.4.8 St

The conditi¢ns of storage shall be such that products conserve their properties. Accordingly, prOtti
ed in a closed dry place with heating provided'if necessary. The organization responsible for

shall be stor]
the qualificd

for specifying the storage requirements (e.g. acceptable temperature and humidity).

6.4.4.9 Visual and dimensional checks

Production
check as per
before any d

6.4.4.10 W

The heat trq
terms and c

when it

[ satisfactory welding work. Such installations include:

5 of the components, and storage areas and systems adequate for proper conservatio
p of filler metals;

tive and non-destructive examination facilities suited o the inspections to be performnj

prage of the welding materials

tion of the filler material (e.g. manufacturer or filler material supplier) shall be respon

velds are always, whatever their class, to be the subject of a visual check and a dimens
the terms and conditions;specified by the manufacturer. These checks are to be carrie
ther non-destructivetesting required herein.

eld-related heattreatment

patment asso¢lated with a weld is to be carried out according to written procedure
bnditions of the application shall be specified, for example:

is required;

stage;

r performing the welding operations. The workshop shall possess appropriate facilitigs for

equipment suited to the procedure applied and in good operating condition, well-equipped
eas (including handling equipment) of the desired standard for the materials handled and

and

atment facilities in good condition and of adequate capacityfor the work to be performed;

ed.

ucts

sible

jonal
d out

The

temperature;
soak time;

rate of heating and cooling.

6.4.5 Forming and dimension tolerances

Before starting forming and surface treatment, the manufacturer shall perform the required
qualification operations. The manufacturer shall ensure that the mechanical properties verified during
acceptance of the materials have not been deteriorated by forming.

16
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The alignment tolerance limits for weld assembly parts shall be defined. These depend on the type of
welded joint and the type of component involved (chamber or pipe).

Tolerances or ranges of welding grooves, weld reinforcement, dimensions and heat treatment shall
be maintained at the appropriate stages of fabrication and on the finished component (reference
temperature for dimensions should be mentioned for ease of assembly interface).

6.4.6 C(Cleaning

These are intended to limit the risks associated with the presence of impurities in the systems:

— gctivatiomof dcpuaita tmrthereactorcore;

— dlisturbance of operation of moving parts by deposits;

— calized corrosion of stainless steels, alloys of nickel, aluminium and zirconitimn;
— 1eduction of heat transfer due to deposits.

The |degree of cleanliness is the state to be obtained for a given,surface, before the tests and
comimissioning of the facility.

Therg are a number of degrees of cleanliness. These are charactetized by tests and different associated
critefia levels. The degree of cleanliness is, furthermore, necéssary for preservation of component in
stordge.

6.4.7 Heattreatment
Wheh there is a risk that the fabrication process.can cause unacceptable changes in the groperties of

the material or weld, suitable heat treatment shall be applied at appropriate stage(s) of mianufacture,
such(as cutting, forming and welding.

6.5 | Tests and examination methods

6.5.1 General

Components shall be examined for dimensional conformance and indications of imperfections by
apprppriate visual and nan-destructive examinations.

6.5.2 Methods

Inspection and‘examination methods and any limitations shall consider material types| fabrication
process, thickness, configuration, intended application.

6.5.3 <~ Procedures

Any activities for testing, and examination, their acceptance criteria and the responsibilities for
carrying out such activities shall be specified. It shall be specified when and at what stages independent
inspection, testing, and verification and validation are required to be conducted. The procedures to be
applied for testing and examination shall be defined at different stages of constructions of component:
procurement of products, qualification of fabrication processes, non-destructive examination of parts
of component and the use of production specimens.

[t covers:
— the mechanical, physical and chemical tests;
— the various non-destructive examination techniques:

— ultrasonic;

© ISO 2018 - All rights reserved 17
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Criteria for

material tyy

6.5.4 Per

Any activit]

carrying ou

inspection, {

6.6 Final

:2018(E)

iographic;

penetrant;
magnetic particle;

eddy current;

other methods of inspection (visual, video, determination of surface finish, detection of leaks);

non-destructive examination individual competences (qualification or certification for instance).

1 A - L dnn o | b= e - 1 111 - 1 | | a1 e de
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es, component thickness and manufacturing class.

sonnel qualification

es for testing, and examination, their acceptance criteria and the responsibilitie
such activities shall be specified. It shall be specified when and at what stages indeper
esting, and verification and validation are required to be conducted:

inspection and testing

6.6.1 Final inspection

Component;
applicable sj
into account
part of the d

be made du

stages of m4

6.6.2 Fin{

Final assess

The equipn
characterisf

requiremen

When possi
impractical,

If it is not ¢

(which is no

The equipm

shall undergo a final inspection to assess compliance with the requirements o
pecification and any included standards. Tests canried out during manufacture may be {
. When practical, the final inspection shall be carried out internally and externally on ¢
omponent; when access for a final inspectianis not possible, appropriate inspections
ring the course of manufacture and justification should be provided that the subsed
nufacturing do not compromise the conelusions of the previous inspection.

] pressure test
ment of pressure equipment.and boundaries shall include a test for pressure.

lent specification shall_stipulate the test pressure, holding time at pressure ang

[s.

ble, a hydrostatic test is recommended. When a hydrostatic pressure test is harmf
other tests-of a recognized value may be employed.

ossible-either, perform tests such as non-destructive tests in addition to a pressure
(t equivalent to a hydrostatic one).

with

s for
1dent

[ the
aken
very
shall
uent

| the

ics of the test medium: These provisions shall take account of the applicable statytory

ul or

test

nEc ndafin 1 ikl
TIT T OCTT T cCT

n 1fi oo tho + + o nito a Y
respeemtatiort eSS Tateeprantce—trictrras

6.7 Marking/labelling

Required information shall be physically marked on the equipment in accordance with the applicable
standard. As a minimum, the information shall include:

for pres

18

a unique identification number or type series identification;
an indication of conformity;

the manufacturer’s identification;

sure vessels, the maximum allowable pressure(s) at coincident design temperature(s).
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When physical marking is not practical, alternative means are allowed such as traceable records or a
suitable label attached to the equipment.

7 Documentation

The manufacturer shall compile all the technical documentation of the reactor components. This
documentation shall make it possible to evaluate its compliance with the applicable requirements;
the documentation shall be as complete as necessary for the evaluation, design, manufacturing and
operating of the equipment (assembly) and shall contain at least the following:

Docy
document types, in order to keep the knowledge in a way to improve the design or the ope
instg

Annd

8

Reac|
part
conf

[(
[(

q

q

1

les concerned. A-Statement of conformity to the standard shall be supplied by the

general descrintion of the eaguinment (assembli):

o r he r C JJ7

onceptual design and manufacturing drawings and diagrams of components;. sub
ircuits;

ind the operation of the equipment (assembly);

 list of the standards, applied in full or in part;

esults of design calculations made, examinations carried out;

he test reports;

ippropriate details relating to the choice of materials,.the approval of the manufactuy
rocedures, and the qualifications or approvals of thé.personnel concerned;

on-compliance reports (NCRs), design concession requests/notices (DCRs/DCNs]j
eviation regularization notes issued/acceptediin the course of the manufacture of cor

ments are archived by the prime contractor or the operator for a time determing

llation.

x D provides an illustration of a possible documentation system.

Conformity assessment

tor components shdll be constructed under a conformity assessment system agreg

rmity assessment body or manufacturer.

Fassemblies,

descriptions and explanations necessary for an understanding of the saidcdrawings and diagrams

ing and test

and other
hponents.

d based on
ration of the

d to by the
appropriate
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Description of GEN IV reactors

The Generation IV goals, as stated originally, are as follows:

— Sustainfbility
— Gerlerate energy sustainably and promote long-term availability.
— Minimize nuclear waste and reduce the long-term stewardship burden.
— Safety gnd reliability
— Excel in safety and reliability.
— Haye a very low likelihood and degree of reactor core damage.
— Elirpinate the need for offsite emergency response.
— Economiics
— Haye alife cycle cost advantage over other energy sou¥ces.
— Have a level of financial risk comparable to other&nhergy projects.
— Proliferption resistance and physical protection
— Be & very unattractive route for diversienmor theft of weapon-usable materials.
— Proyide increased physical protection against acts of terrorism.

In 2002, the|Generation IV International Forum (GIF) selected as Generation IV technologies six systems
from several tens of candidates:

— gas-cooled fast reactor (GER);
— lead-co¢led fast reacter(LFR);
— molten falt reactor (MSR);

— sodiumicooledfast reactor (SFR);

— supercriitical-water-cooled reactor (SCWR);

— very-high-temperature reactor (VHTR).

Detailed information is provided in the Gen IV International Forum Annual Report 2013.
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Annex B
(informative)

Illustration of material selection for sodium fast reactor
components

r lead from the viewpoint of corrosion. In addition, it has good heat transfer charactej

Therefore, sodium is used as a coolant in many fast reactors. Most of them use atisteni

¢levated temperature strength and corrosion resistance that sodium has,

Dther materials such as 2 1/4Cr-1Mo steel, whose thermal expansipn rate is meanin
than that of austenitic stainless steels, have also been used for sécondary coolant |
jome cases, high nickel steels have been utilized focusing on the resistance and behay
dccidental conditions.

yhich is the primary choice for main components, but also with other steels and alloys
used to meet various design needs.

The gelection of a material shall take into account that:

dlifferent product forms (e.g. plate, pipe, forging) may show different strength and
Allowable stresses shall be determined accordingly;

gome materials may exhibit cyclic softening during service. In this case, appropriate co
yould be necessary in design and-structural integrity evaluation;

the purity of sodium shall bé.controlled in appropriate ranges, or effects that may t3
aterials during service due'to the impurity shall be accounted for;

ass transfer should~bé considered in design particularly when materials whosg
itrogen or carbon €entent has been optimized to achieve certain strength are used.

(SFR)

er than water

istics.

tic stainless

gteels for their main structural components. This enables taking advantage of'good healt resistance,

cfully lower
bops, and in
iours under

As described above, sodium exhibits good compatibilitynoet only with austenitic stainless steels,

that may be

behaviours.

hsiderations

ike place on

chromium,
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Description of types of damage

view

V be classified in different category, for instance, into short-term, long-term and cyelie
Into cyclic, non-cyclic failures.

bives a brief description of the damage identified in 6.3.2 classified in two groups, ge
damage linked to elevated temperature regimes.

ral damage

nediate excessive deformation

ire made of elastic, ductile material to which a loading.multiplied by a gradually incre
s applied, the following behaviour can be observed:i with lower coefficient values
ehaves elastically and deformation is reversible; At higher values, irreversible pl
s occur such that if the loading were to be cancelled, the structure would not return
ensions or shape. These plastic deformations.are firstly contained by elastic zones W
hd then, the plastic zones being sufficiently,€xtended, yielding takes place easily. The oy
Heformation of the structure thus increases faster the higher the loading coefficient
erall permanent deformation begins tocincrease rapidly that it is said to be excessive
nvention is recommended: excessive deformation is attained when the overall perm4
exceeds the deformation which'wjeuld occur with purely elastic behaviour.

nediate plastic instability

previous case, the loading continues to increase, the behaviour of the structure depen
Ins in its shape and the-strain hardening increase of the yield strength of the material. T
apidly become ceunteracting: any change in shape tends to weaken the structure, wh{
in the yield strength of the material tends, on the contrary, to reinforce it. As long a
s dominatedby the second, the structure is deformed in a stable manner; when the
minant, deformation is unstable and fracture is not far behind if the loading is maintai

this'a'form of fast fracture and shall be examined separately.

type

neral

hsing
, the
astic
[o its
rhich
erall
It is

The
nent

s on
hese
breas
s the
first
ned.

ibility>considered here is an overall phenomenon. It shall be distinguished from dyctile

C.2.3 Elastic or elastoplastic instability

Apart from the instabilities described above, other elastic or elastoplastic instabilities may occur, in
which elastic deformation, by the changes in shape it induces, considerably weakens the strength of a
structure and its ability to withstand the applied loading.

C.2.4 Pro

gressive deformation

When we consider a structure subjected to cyclic loading, at the end of the first cycle, the structure may
show signs of permanent deformation.

During the following cycles, two cases may arise:

22

either, after a few cycles, the overall permanent deformation is stable, or
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