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ABSTRACT 
 
The results of work on a collaborative project on comparison of Codes and Standards used for safety related 
components of the WWER and LWR type reactors is presented.  This work was performed on behalf of the European 
Commission, Working Group Codes and Standards and considers areas such as rules, criteria and provisions, failure 
mechanisms , derivation and understanding behind the fatigue curves, piping, materials and aging, manufacturing and 
ISI.   WWER’s are essentially designed and constructed using the Russian PNAE Code together with special provisions 
in a few countries (i.e. Czech. Republic) from national standards.   The LWR Codes have a strong dependence on  THE 
ASME Code.  Also within Western Europe other codes are used including RCC-M, KTA and British Standards.  A 
comparison of procedures used in all these codes and Standards have been made to investigate the potential for 
equivalencies between the codes and any grounds for future cooperation between eastern and western experts in this 
field. 
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INTRODUCTION 
 

Assurance of structural integrity and reliability is of crucial concern in the safety demonstration process and in the 
nuclear power station safety case.  The potential for failures of systems, structures and components that can lead to 
contamination of the sealed reactor environment, and the release of contamination outside this environment needs to be 
assessed and minimised.   Codes and Standards play a major role in this activity and in ensuring a consistent 
engineering approach and quality during the design and construction phases of power plant.  Design codes provide a 
link between safety and design and a framework, in the form of design criteria and procedures necessary for performing 
structural integrity assessments, through which different operating conditions and occurrences can be assessed against 
recognised failure criteria.     
 

The procedures in design codes have been developed from insight into the different failure processes, past 
experience in plant operation and reliability, and applicable research and development on the materials, environments 
and loading conditions being considered.  They are supported by analysis and experience in the areas they apply and are 
used to demonstrate the quality of design, manufacture, inspection and construction.  In principle codes from any source 
can be used for Nuclear Power Plant (NPP) however it is usually easier to justify those that are familiar to the host 
licensing authority and directly relevant to the reactor type or situation.   For existing plants of the LWR and WWER 
type different Design and Construction Codes and Standards have been used in different countries depending on their 
design origin and construction location.   This paper discusses a comparison of Eastern and Western Codes and 
Standards used for the structural integrity of safety related components of  WWER's and LWR's.   
 

The work was done within a collaborative study lead by NNC with participation by experts on Russian Rules and 
Regulations [1,2] from E.N.E.S (Engineering Centre of Nuclear Equipment Strength, Reliability and Lifetime) of 
Russia and on Czech Republic rules [3] from Skoda of the Czech. Republic. The work on Western LWR Rules [4,5,6] 
was performed through the support of Belgatom (Belgium), GRS (Germany), Technatom (Spain) and LMD (UK).  The 
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study was initiated and financed by the Working Group Codes and Standards (WGCS), an advisory group of the 
European Commission. 
 
SCOPE OF THE WORK   
 

The main aims were to: 
 

investigate technical similarities and differences between codes and standards for WWER and LWR in the 
areas covered by rules, criteria, assessments and matters directed to the integrity of safety related components. 

 

 assess the potential for developing a system of equivalencies relevant to Nuclear safety 
 review ongoing activities directed towards emerging national codes   
 establish the grounds for co-operation between experts in  nuclear industrial codes and standards and 

contribute to exchanges of views of common benefit in the areas of nuclear safety of reactor components. 
 
The investigation was divided into four main tasks, as discussed below, defined broadly in line with the objectives 

outlined above and in accordance with the general pattern exhibited by current codes 
 

Overall comparison of Design Rules, Criteria and Provisions • 
• Materials Data 
• Manufacturing & ISI Activities 
• Conclusions and Recommendations 

 
1. Overall Comparison of Design Rules, Criteria and Provisions 

This was the central topic, which involved each partner providing a description of relevant national codes and 
standards in use in Russia and Eastern Europe, the EU and the USA, and in providing the basis behind them.  The work 
covered a comparative analysis of the understanding behind the design by analysis route, design basis event, stress 
classification, levels of severity, failure modes, design margins, etc. focusing on four failure modes: excessive 
deformation and plastic instability, buckling, ratcheting and fatigue.  For LWR the principle concerns are excessive 
deformation and plastic instability and fatigue and the main focus was on these mechanisms.   As an aid to 
understanding of the different practices and approaches used a number of simple example cases were investigated and 
the results compared. In addition, comparative analyses were also developed with respect to: 

• Understanding behind the derivation of fatigue curves (S-N) including high cycle fatigue curves. 
• Design rules for piping  

The treatment of welds and irradiation damage was considered, the latter only in terms of design factors providing 
margins against potential failure of components.  The discussion on piping concentrated on stress analysis, flexibility 
factors and thermal effects.   
 
2. Materials Data 

 The work on materials covered data related to design data and effects of ageing.  An important consideration was 
to provide material properties, in order to support the design rules comparison.   The derivation and methods for 
validation of design fatigue data for fatigue curves were taken into account.   MaterialS properties as affected by ageing 
of components were covered by outlining the important issues and priorities that could be considered for future joint 
eastern and western projects on this topic.  It was recognised also that there would be difficulties in the comparisons 
because full translations of Russian Standards were not available and inaccurate translations of technical terms can 
caused problems in understanding the code provisions.  The work identifies ongoing activities for WWER in national 
countries and those led by International Organisations. 

 
3. Manufacturing & ISI Activities 

With respect to manufacturing and in-service inspection rules activities were concentrated on those that support the 
standardisation of procedures for repair and replacement of components and trends for improvement of flaw 
assessments.  These included: 

 Procurement and certification procedures for products 
 Manufacturing standards for weldments and acceptance criteria 
 Requirement for filler materials. 

 
In-service Inspection was directed towards flaw assessments in WWER and LWR components and feedback from 

recent provisions established or ongoing in Russia and in RSEM, ASME and KTA codes. The main interest was on the 
Reactor Pressure Vessel (RPV).   Again it was recognised that some difficulties may be encountered with the 
fabrication and inspection studies because full translations of Russian Standards were not available.  
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4. Recommendations and Conclusions  
Task 4 covers the recommendations and conclusions from the work focusing on the areas relevant to the pre-

harmonisation of codes & standards for the two systems.   
COMPARISON OF DESIGN RULES 
 

The WWER reactors in operation in the Russian Federation and elsewhere are designed and constructed according 
to the Soviet (Russian) Codes PNAE with some changes used in a few countries (i.e. Czech Republic) where National 
Standards (i.e. N.T.D. in Czech Republic) are additionally introduced.  Western LWR codes on the other hand have a 
strong dependence on ASME, for example main primary circuit components such as the Reactor Pressure Vessel (RPV) 
are based on Section III of the ASME Boiler and Pressure Vessel Code to ensure protection against RPV failures.  
Because of this the comparisons between LWR and WWER Codes have focused mainly on the PNAE and ASME 
Codes with the relative differences between other western and WWER Codes highlighted.  A comparison of the general 
provisions available in the Russian Codes in comparison with the ASME code is given in Table1.   
 

The WWER code defines three service conditions Normal Operating Condition (NOC), Abnormal Operation 
Condition (AOC) and Emergency Situation (ES) compared with four in the western LWR codes (levels A, B, C, D).  
Rules for test and design (strength check) are included in both codes although not to the same extent.  Definitions used 
for dimensioning are however similar. The PNAE Code is presented in a simpler format than the ASME Code but does 
not have the same legal precision. 
 

The failure modes of most concern are excessive deformation limits and fatigue.  For the former, checks are 
provided in the PNAE and the western Codes by maintaining the stresses within allowable design values, tabulated in 
western codes and calculated in PNAE.  Coefficients used to determine the allowable stress limits differ and for the 
considered materials are lower in the PNAE Code.  At levels NOC and AOC. (similar to levels A & C of LWR) the 
Russian code allows a higher proportion of the material strength but a lower proportion at ES (level D). A comparison 
between the buckling criteria suggested that the WWER regulations are comparable but more limiting and for ratcheting 
the checks available on stress range give similar results and are comparable between the PNAE and western practices.  
The PNAE ratcheting check is mandatory and may be performed by any calculation procedure (i.e. non mandatory 
Appendix 4 of Ref.[1]) however for static strength calculations a non-mandatory calculation procedure can be used 
which is analogous to the 3Sm approach in the ASME Code.  This latter approach was used for the ratcheting 
comparison with the LWR procedures.  The design fatigue curves used are based on fictitious stress amplitude against 
allowable cycles.  The PNAE standard requires a fatigue check under normal and abnormal conditions whereas western 
LWR Codes only apply these rules to level A & B limits. 
 
FATIGUE CURVES 
 

The Russian rules use design fatigue curves derived from specified or measured tensile properties at relevant 
temperatures.  The western codes use curves derived from fatigue tests for generic types of materials.  The safety 
margins in the Russian Codes (2 on amplitude and 10 on cycles) are lower than western codes (generally 2 on stress and 
20 on cycles) and can be chosen according to the situation and safety consideration  (see Table 2).  On the other hand 
the Russian approach is based on fatigue curves obtained at the lower envelope of the experimental data (in contrast to 
the ASME approach which uses average data) for just nucleated fatigue cracks (in ASME approach - rather long 
cracks).  This significantly diminishes the differences between the actual design curves.  Weld factors vary from 0.7 to 
1.0 in the PNAE Code and are usually taken as 1.0 in the ASME Code.  High cycle provisions are included in PNAE up 
to 1012 cycles and in ASME up to1011 cycles for austenitic steels only, but such curves are not currently included in 
RCC-M.  Provisions for irradiation factors and environmental factors [7] can be accommodated in the Russian Codes. 
 
DESIGN RULES FOR PIPING 
 

Piping Rules used for sizing and stress analysis of WWER and LWR’s are very similar but because of differences 
in stress indices and factors applied to the allowable stress limits the Russian Regulations may be more conservative.  
Finite Element programs are often used in preference to flexibility and stress intensification factors in both practices and 
LWR and WWER codes do not as yet cover axial thermal transient effects due to stratification.  

 
MATERIALS AND ENVIRONMENT ISSUES 
 

A comparison was made of materials grades for WWER and PWR reactor pressure vessel steels, austenitic steel 
primary piping and steam generator tubing (see Table 3).  The RPV steels of the WWER-440 and PWR systems have 
similar strengths however the room temperature strength of the WWER-1000 steel is about 10% higher due mainly to 
changes in composition (e.g. increase in nickel (Ni)) although the difference is less pronounced at design temperatures 
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(350oC).  The elevated temperature UTS controls the design stress and given a smaller factor applied in the Russian 
Regulations this results in higher design stresses for the WWER.  The tensile reduction in area is an important 
parameter for WWER because it is used to derive the design fatigue curve of the material.  The PWR codes on the other 
hand establish their material design fatigue curves by fitting to experimental fatigue data.  Application of the Russian 
rules to typical RPV forging (such as used at Sizewell B) however suggests that similar design fatigue curves are 
produced in both approaches. 

 
Wrought austenitic steels are used in PWR primary piping in areas such as surge lines.  The WWER systems use a 

titanium (Ti) stabilised austenitic grade.  The KTA regulations specify a niobium (Nb) stabilised steel to counter stress 
corrosion problems while RCC-M and ASME specify a low carbon L grade 304 steel, the RCC-M grade having a 
controlled nitrogen content.  Except for the ASME L grade the tensile properties of the PWR materials are similar at 
20oC but at 350oC the properties show marked variations in yield strength.  The Ti stabilised steels of the horizontal 
WWER steam generator have shown very few corrosion problems during their long period of operation.  Prevention of 
stress corrosion in PWR’s is achieved by using thermally treated steels in conjunction with strict control of water 
chemistry.  Austenitic steels used in both pipework and SGU tubing and the higher Ni alloys used in SGU tubing have 
similar tensile properties and although the WWER materials tend to have higher yield strengths design stresses are 
similar. 
 

The comparison work on effects of ageing has concentrated on effects of irradiation embrittlement on mechanical 
properties of reactor pressure vessels.  Thermal ageing and temper embrittlement have a small effect on fracture 
toughness properties.  Figure 1 compares the reference curves on the basis of toughness –temperature relationships 
based on their respective reference temperatures.  Under both normal operating and emergency conditions the WWER 
curves are more conservative (by about 20°C) than the ASME curves.  Predictive equations for irradiation 
embrittlement are available based on statistical analysis of data from surveillance programmes and test reactors but have 
a limited application because of dependence on specifics such as steel type and dominant impurities.  Phosphorus (P), 
Copper (Cu) and Ni have important effects.  Recent WWER weldment data suggests that an interaction between Ni and 
Manganese (Mn) can have a dominant effect when P and Cu contents are near or below currently specified thresholds.  
There is a strong incentive towards collaboration in this area and the current effort by the IAEA to set up a 
comprehensive irradiation embrittlement data base which includes WWER and PWR pressure vessel steels is an 
important first step. 
 
MANUFACTURING PROVISIONS 
 

The comparison of WWER and LWR manufacturing standards has been made on the basis of Russian Norms and 
RCC-M Rules.  RCC-M unlike ASME is concerned only with LWR’s and issues of commercial confidentiality have 
less of an impact compared with the ASME code or KTA regulations.  For manufacturing operations other than welding 
both RCC-M and the Russian Regulations have a similar content (i.e. chemical analysis, tensile properties, surface, 
finish, volumetric inspection, etc.).  Some differences were however found in a number of detailed areas and these have 
been noted (i.e. cleanliness practices, types of steel used, use of low carbon austenitic steel, requirements for 
intergranular corrosion testing, tensile property definitions, specification of % reduction in area when deriving fatigue 
curves.)  For standards concerned with welding the comparison dealt with four main areas, rules for filler metals, 
qualification of welding procedures, qualification of welders and production welds.  Again both approaches show 
similar overall contents and scope.  Table 4 compares the RCC-M and WWER codes with respect to the methods and 
scope of non-destructive examination for Class 1 welds.  The scopes correspond closely and the only area of difference 
is in the extent of surface examination before, during and after welding.  The WWER rules make reference to national 
standards while the RCC-M code contains provisions specific to LWR’s. 
 
IN-SERVICE INSPECTION 
 

Comparisons have been made of the In-service Inspection (ISI) procedures used on Western LWR’s and the 
procedures established by the Russian Rules for WWER.  For LWR’s ASME X1 is used as a guideline in most cases 
except in France, Germany and Japan where they have developed their own procedures.  In general the ISI procedures 
are largely comparable for similar safety components with the same importance placed on aspects such as qualification, 
equipment, personnel, procedures, practices, etc.  Components are generally categorised on the basis of their main code 
classifications with examinations done on a sampling basis except for the RPV and some nozzle welds.  There is a 
100% pre-service inspection for Class 1 (or A) pressure retaining welds.  The inspection methods are similar for similar 
components and Russian procedures allow for destructive examinations (cutting of surveillance samples) to evaluate 
strength change and the effects of corrosion.  Inspection intervals are generally similar and the Russian regulations 
require mechanical property evaluations (destructive and non-destructive) every 100,000h for piping.  Future 
developments on LWR procedures are aimed at flaw evaluation and establishing a consistency across Europe following 
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the CEN and European directives.  In Russia future developments are on extending plant operating life to 60 years and 
experimental and analytical research on refinement of crack growth procedures, fracture resistance and toughness, 
cladding cracks and methods of accounting for residual stresses.  
RECOMMENDATIONS 
 
Harmonisation of Codes and Standards - periodic exchange forum 

Much of the recent European considerations towards harmonisation have derived from the work of the Working 
Group on Codes and Standards (WGCS) where continuation of collaborative action on design code topics is seen as an 
important part of exchanges and development of understanding.   This work on WWER and LWR codes and Standards 
plus earlier harmonisation work in the high (EFR) and low temperature field (EPR) has shown that the bringing together 
of experts to a forum on a regular/periodic basis will advance harmonisation in a very positive manner.  As well as 
promoting understanding and co-operation it also focuses discussion on areas still to be addressed.  Whilst many NPP 
Codes may appear to have covered all the important issues there are many areas that still require particular attention, for 
example thermal striping (high cycle thermal fatigue), treatment of corrosion and irradiation.  Also with the introduction 
of new materials existing procedures that may have been developed for a particular type of steel behaviour, may require 
substantial amendment in order to be safely applied to new alternatives.    
 

The underlying objective for maintaining such a forum should be to identify the best of existing practices in the 
new and developing areas rather than trying to harmonise parts of the code that are well established and accepted as 
good practice.  As well as being the most effective use of the resources it will focus on the most important issues with 
regard to current and future reactor needs. 
 
Harmonisation of Codes and Standards - application to specific cases 

One suggestion for action was a study on plant mechanical performance and a comparison, in certain areas, of a 
particular criterion (or criteria) using the RF Normative Technical Documents (NTD) and ‘Western’ Codes.  This study 
could reflect the extent of and provide an example of any disparity between the procedures. 
 

Within the current study the application of procedures to example cases has served two main purposes: 
 

i) It has enabled a comparison of National Code approaches to be made in specific areas and for specific 
geometries.  The case studies are necessarily simple cases and are only used to support the comparison of the 
procedures themselves.  The results do however show differences in the answers and theses can only be 
explained in relative terms. 
 
ii) The exercise has allowed a closer scrutiny of the underlying objectives of the study that prompts 
recommendation(s) for the future. 

 
More studies of specific cases may be desirable and valuable for illustrating how particular methods are applied and 

the decisions taken by designers in the various stages of their application.  The results from such investigations would 
however be largely educational if carried out for parts of the codes that are well established and may be better linked 
with new or developing areas to identify the best of existing practices.  A comprehensive comparison of Codes and 
Standards on a case by case study is not a small task and even then the results would probably be characterised by an 
eventual national support for the ‘home grown’ product-making it a highly subjective and un-fruitful assessment. 
 

The suggested future for such studies therefore seems to lie in a mixture of approaches.  There are areas that could 
still benefit from a comparison of features from the different Codes and thus establish the differences in particular areas. 
Such a ‘one off comparison area’ between RF and other Codes (and where a case study approach would be most useful) 
is for example brittle or fast fracture of pressure vessel steel-where there are significant differences. 
 
Harmonisation of Codes and Standards - to support NPP 

Many reactors have now been in operation for a substantial part of their operational life and, in practice, its unlikely 
there will be any substantial numbers of new NPP builds on a short time-scale. Attempts at harmonising Codes and 
Standards for design and manufacture may not therefore have substantial value at this time. Pragmatically, the only area 
currently supporting harmonisation activities are to do with plant operation. The ageing of NPP brings many important 
problems in its ‘wake’ i.e. those to do with plant and component operational lifetime evaluation and also, in particular, 
plant and component operational life extension.  Thus, it seems a realistic recommendation might be to initiate Code 
harmonisation in this field, which is not yet fully covered by any of the Code systems, i.e., ASME or WWER Codes.  
Potential areas of harmonisation might be: 
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• on component operational life assessment: modified principles could be applied to both types of reactors (PWR 

and WWERs) in a way that is practically independent of their design and manufacturing Codes and Standards. 
 

• for Plant/Component Operational Lifetime: requirements for possible/potential/operational life extension could 
be harmonised as they will have to be based, in principle, on common safety requirements independent of 
reactor origin. 

 
Monitoring and Structural failure - Importance of feedback to design 

The investigation makes comparisons in four areas of structural deformation: 
 

 Excessive deformation and plastic instability 
 Buckling 
 Ratcheting  
 Fatigue 

 
Except for fatigue, by which is meant the accumulation of plastic strain and failure by cyclic loading, rather than the 
determination of crack growth rates by cyclic loading in corrosive environment, failure remains unspecified. 
 

Design Codes rely on feedback from operation and, in particular, from the definition of an acceptable failure rate, 
in order to evaluate the conservatism in a design approach and to estimate the margin to failure. No failures seem to 
have been reported for the items studied in this work (RPV, etc.,), also, importantly, no ongoing monitoring is 
undertaken to establish the margins to failure and to determine whether these are being eroded beyond the initial 
operation stage.  Such information if it were obtained would be extremely valuable for the design process and service 
life extension investigations.  There is clearly a need to extend the endurance of the major components in the short and 
the longer term.  Monitoring of the main safety related components (intermittent monitoring is possible) particularly 
with respect to fatigue would provide both performance feedback and provision for a more accurate assessment of when 
failures are likely.  
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TABLE 1.   GENERAL PROVISIONS AVAILABLE IN THE RUSSIAN CODES IN COMPARISON WITH ASME 

 ASME Code PNAE G-7-002-86 (concerning WWER) PNAE G-7-008-89 
 
General Contents 
and provisions 
 

Rules for Construction 
Materials 
Requirements for Design 
Fabrication 
Examination 
Testing 
Boilers 
In-service Inspection 

General provisions on strength Analysis 
Basic Definitions 
Allowable stresses 
Choice of Basic Dimensions 
Stress Classification in Check-up Calculation 
Procedure of Stress Determination 
Static Strength 
Stability 
Fatigue Strength 
Brittle Fracture Resistance 
Ratcheting 
Vibration Strength 
Material Properties 
Strength under Seismic Loading 
Appendices 

Requirements for strength analysis.  Material 
properties 
Section 1 – General provisions 
Section 2 – Design 
Section 3 – Materials 
Section 4 – Manufacturing, construction 
Section 5 – Hydraulic/pneumatic tests 
Section 6 – Valves and instrumentation 
Section 7 – ISI 
Section 8 – Registration and technical examination 
Section 9 – Equipment and pipeline operation.  

General requirements 
Section 10 – Examination of rules observing 
Section 11 – Investigation of accidents and failures 

 
Component divisions  
and  
Classification 

Division 1: 
Class 1 components 
Class 2 components 
Class 3 components 
Class MC Components 
Supports 
Core Support Structures 
Class 1 structures in elevated 
temperature service 
Division 2 
Concrete Vessels and containment 
Division 3: 
Containment / transport for Nuclear Fuel and waste 

  
Groups A, B and C of equipment and pipelines 

 
Operating 
Conditions 

Normal Conditions 
Upset Conditions 
Emergency Conditions 
Faulted Conditions 
Testing Conditions 

(NOC) Normal Operating Conditions 
(AOC) Abnormal Operating  Conditions 
(ES) - Emergency Situation 
(H/PT) - Hydraulic / Pneumatic Test 

(NOC) Normal Operating Conditions 
(AOC) Abnormal Operating  Conditions 
(ES) - Emergency Situation 
(H/PT) - Hydraulic / Pneumatic Test 

 
Stress Categories 

 
Primary (local, membrane & bending) 
Secondary  
Peak 

Membrane (general and local) 
Bending (general and local) 
Thermal (general and local)  
Expansion stresses 
Mean tensile from mechanical loads (bolt or stud) 
Local with concentration (of all kinds) 
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TABLE 2   DESIGN MARGINS USED IN 
THE FATIGUE ASSESSMENT CRITERIA 

IN THE RUSSIAN REGULATIONS 
 

          

Margins 
 

Application 
 

=σn 2 ;  =Nn 10 ; 
 
 

 
For main safety related components  
 

 
=σn 1.5 ;  =Nn 3 ; 

 
 

 
Thermal loads only (thermal shielding) or thermal plus 
mechanical loads with strains restricted by adjacent 
elastic parts (no coolant release outside cooling circuit 
in case of component failure) 
 

 
=σn 1.25;  =Nn 2.1; 

 

 
Partial penetration welds in austenitic steel of the 
components mentioned in previous line at use of 
regulatory fatigue reduction factors 

 
=σn 1.5;  =Nn 5; 

 
=σn 1.5;  =Nn 3; 

 

 
Threaded sections of (replaceable) studs & bolts with 
fatigue reduction factors 
 
As above with refined analysis of threads and elastic-
plastic correction 
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TABLE 3 MATERIAL GRADES 

                   
   Comp. Code Material Type Product Form Specification 

WWER 15Kh2NMFAA Forging TU108.131-86 

KTA 20MnMoNi 5 5 Forging KTA 3201 Part 1  p 97  

RCC-M 16 MN D5 Forging RCC-M II M 2111/2111bis 

ASME ¾Ni-½ Mo-Cr-V   Forging ASME II SA508 Class 3  

Reactor   
 Pressure       
Vessel    
(Beltline) 

UK ¾Ni-½ Mo-Cr-V   Forging ASME II SA508 Class 3  

WWER 08Kh18N10T Pipe GOST 5632-72 

KTA X6 CrNiNb 18 10 S Pipe KTA 3201 Part 1  p 102  

RCC-M Z2CN19-10 CN (4) Forged Pipe RCC-M II M 3305  
 Primary  
  Piping 

ASME TP 304L Pipe ASME II SA312 TP 304L 

WWER 08Kh18N10T Seamless tube - 

KTA X2 Ni Cr Al Ti 32 
20

Seamless tube KTA 3201 Part 1  p 99 

RCC-M AFNOR NC 15 Fe Seamless tube RCC-M II M 4101 

ASME UNS NO06600 Seamless tube ASME II SB 167 

 Steam  
Generator  
 Tubing 

ASME UNS NO0690 Seamless tube ASME II SB 167 

  
 

 
 
 
 
 
 
 
TABLE 4.  SUMMARY OF REQUIREMENTS 
FOR NDE OF CLASS 1 PRODUCTION WELDS 
 

Item WWER practice RCC-M practice 

Methods Surface: Liquid penetrant or 
Magnetic           particle 
Volumetric:  Radiography 
+Ultrasonic (Ultrasonic only in 
special cases for austenitic stainless 
steel) 

Surface: Liquid penetrant 
or Magnetic           particle 
Volumetric:  Radiography 
+Ultrasonic (Ultrasonic 
only in special cases for 
austenitic stainless steel) 

Scope Visual: 100% 
Surface:  as specified in control 
charts 
Volumetric: 100% 

Surface:  100% 
Volumetric: 100% 

Surface 
examination 

Prior to welding: Buttered 
preparations 
During welding: Not required, 
run–by –run visual examination if 
volumetric examination impossible. 
After Welding:  All accessible 
weld surfaces 

Prior to welding: All 
preparations 
During welding:  Prior to 
back filling double sided 
welds, after penetration 
pass for single sided welds, 
every 2 or 3 passes if 
volumetric examination 
impossible 
After Welding:  All 
accessible weld surfaces 

Volumetric 
examination 

After welding After welding 

Examination 
techniques 

GOST 18422-80: penetrant 
GOST  21105-75: magnetic particle 
GOST 7512-82   : radiography 
GOST   14782-86: ultrasonic 

MC4000: penetrant 
MC5000: magnetic particle 
MC 3000: radiography 
MC 2000: ultrasonic 

Acceptance 
criteria 

Visual and Surface:  
Volumetric:   

Surface:   
Volumetric:  

FIGURE 1 LOWER BOUND FRACTURE 
 

NORMAL OPERATING AND EMERGENCY 
CONDITIONS. 

TOUGHNESS TRANSITION CURVES FOR
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