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Abstract. The four VVER-440 model 213 units in operation at Paks NPP, Hungary, are facing to approach their 
licensed term of operation, which is 30 years. To extend the safe operation of the units beyond the original 
licensed term by additional 20 years belongs to the highest priorities of the owners/operator of MVM Paks NPP. 
According to the nuclear legislation, a formal license renewal application for the extended period has to be 
submitted to the Hungarian Atomic Energy Authority. A significant feature of the license renewal process is the 
demonstration of the effectiveness of the currently applied ageing management program. ISI is an essential part 
of the ageing management program thus the adequate ISI techniques and the tailor made requirements have to be 
incorporated in it. To cope with the expectations originating from the LTO at Paks NPP, it was decided to replace 
the original Soviet based ISI system by the widely applied ASME BPVC Section XI requirements. Additionally, 
in 2011 a new nuclear regulation was issued in Hungary, in which the ISI requirements have also been changed. 
This paper intends to present the entire structure of the new Hungarian regulation related to the ISI but mainly 
focusing on the deviation to the ASME Section XI with the perspective of the licence renewal. 

 
  

1. Introduction 
 

Paks, Hungary’s sole nuclear power plant (NPP) consisting of four Russian designed VVER-440 
model 213 units1, was commissioned in the mid-eighties with a design life of 30 years. Long term 
operation (LTO) and license renewal were a strategic decision of the operating organization, approved 
by the plant owners in 2003. The decision was based on a thorough feasibility study and a project plan 
for the preparation of LTO and license renewal. Besides the safe operation and high operational 
performance of the plant, MVM Paks NPP’s main goal is to prepare for and implement LTO for 20 
years beyond the original licensed term. Currently license renewal for unit 1 is in progress (license 
expires at the end of 2012); for unit 2 and partially for units 3 and 4 it is under preparation. 

 

MVM Paks NPP’s strategy of LTO integrates three types of activity: (i) activity to maintain the 
business interests of the owners and the operator; (ii) the engineering work needed to demonstrate the 

safe LTO; and (iii) the work required by the licensing procedures. The license renewal process is 
driven by regulation, but the plant views safe and economic LTO in a broader context. This means that 
engineering and operational practice should integrate: 

− up-to-date knowledge on ageing phenomena, 
− vigilance through ageing management and condition monitoring, 
− ability to recognize the unexpected, 
− application of best practice, 
− learning from experience, 

                                                      
1
 VVERs are Russian designed PWRs; 440 refer to the nominal electric capacity in MW, model 213 is the second generation of VVER-440. 

After power uprate, the units at Paks run at 500 MW. 
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− proper consideration of the features of VVER-440 model V-213, 
− graded approach to structures or components and the ageing process that takes account of their 

relevance to safety and the potential for limiting the plant life.  
 

Applying this approach results in a comprehensive system of plant practice, applied engineering tools, 
and methodologies, such that  

− all systems, structures and components (SSC) have to be covered by a specific plant program 
(ageing management, maintenance, scheduled replacement, etc.); for safety-classified SSC, the 
plant programs and practice should comply with regulations; for those not safety-classified, the 
nature of the program depends on the importance of the SSC for power production (e.g. routine 
preventive maintenance – or in some cases even the run-to-failure concept – might be applied), 

− all ageing processes should be considered, 
− all plant activities should be taken into consideration, i.e. routine activities should be integrated 

with activities specific to LTO, making use of the synergy between them. 
 

In-service inspection (ISI) is the traditional element of the ageing management program of the 
pressurized components and pipelines. The objective of the ISI is to determine whether these 
components are acceptable for continued safe operation or whether remedial measures should be 
taken. Non-destructive evaluation (NDE) as the major area of ISI delivers essential input in terms of 
existence, size and other characteristics of flaws (usually cracks or crack-like flaws) to assess the 
components’ structural integrity on the basis of fracture mechanics principles.  

 

2. Needs for ASME BPVC adoption 
 

As a strategic goal, MVM Paks NPP is intending to adopt the requirements of the ASME BPVC 
Section XI regarding activities related to the safety of pressurized components, i.e. ISI, repair and 
replacement when there are inadequate ISI results, and strength and fracture mechanics analyses [1]. 
The Hungarian nuclear safety regulations allow for the possibility of adopting the requirements of the 
ASME BPVC as they do not specify exclusively the codes or standards that cover the requirements for 
the design and commissioning of an NPP, or for the ISI to be performed during operation [2].  

 

Adoption involved tailoring the ASME BPVC requirements to the specific circumstances at Paks NPP, 
which has not so far been designed, commissioned, put into operation and operated on the basis of 
ASME BPVC requirements. Adopting this code will replace compliance with the requirements of a 
former, outdated code by compliance with one that is up-to-date and known worldwide. This 
changeover is not unique, and there are similar examples among countries operating VVER-440 type 
NPPs (e.g. Finland). However, the change cannot be performed routinely.  

There are two basic goals of the adoption of the ASME BPVC Section XI requirements, which will 
improve both the safety and the cost-effectiveness of plant operation:   

 
(1) Technical support of operation and maintenance on the basis of the ASME BPVC will make 

possible the state-of-the-art implementation of inspection and testing, maintenance and necessary 
safety analyses and the direct comparison of these with the most advanced safety requirements and 
methods. The improvement in safety also has an indirect goal, namely to facilitate international 
acceptance of the NPP’s lifetime extension plans.  

(2) Compliance with the ASME BPVC requirements provides the opportunity for extension of the 
current, usually 4-year ISI cycle to an 8-year one. This intended doubling of the inspection interval 
has a major potential for enhancing the cost-effectiveness of future operation and maintenance. 
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3. Regulatory requirements 
 

The currently used ISI program complies with the regulatory requirements [3]. The requirements differ 
in both its structure and technical parameters from that of Section XI. Its scope is narrower: it covers 
the planning, scheduling and implementation of the inspections, recording and evaluation of the 
results. Other items such as repair and replacement are included in different sections of the regulations 
and plant procedures. The Hungarian ISI program consists of three major components:  

− periodic NDE,  
− in-service examination2,  
− system pressure test.  

 
Periodic NDE and pressure test do not need further explanation; the in-service examination’s 
equivalent may be the VT-3 type visual examination in Section XI. There is no single Section XI-like 
framework document in Hungary; instead individual documents for the various systems, entitled 

Technical Inspection Plans, exist. 

The components safety classification of the relevant Hungarian regulation and that of the ASME 
BPVC Section III do not show remarkable differences. Thus, the scope of Subsections IWB, IWC and 
IWD of Section XI are at large comparable with the scope of their Hungarian equivalents. Only the 
containment ISI requirements in Hungary differ significantly from the Section XI requirements, 
because of the significantly different design of VVER-440 NPPs (active pressure-suppression 
function, no reinforced concrete). ISI of pump casings and valve bodies are currently included in the 
scope of a predefined maintenance work bank (except for the main cooling pump and main gate 
valve3). 

 
4. Features of the advanced ISI requirements 

 
4.1. General aspects 
 

Currently, the requirements of in-service examinations are regulated by the Technical Review Plans 
(TRPs). The concept is that the current procedures (i.e. the TRPs) are replaced by ISI Programs. As 
well as keeping the basic structure of the previous procedures, whose applicability has been proved in 
practice, the ISI Programs also integrate the concept and generic requirements of ASME BPVC 
Section XI. The ISI Programs, both in name and content, put greater emphasis on the general ageing 
management function of the in-service examinations. In this way, they contribute to the overall 
objective of safe LTO and, at the same time, they further develop the current practice. 

Section XI does not use the concept (or term) of in-service examination. However, as it was mentioned 
before, the requirements for the VT-3 visual inspection are essentially identical to the requirements for 
in-service examination in the current practice. In order to continue with proven practice, the system of 
in-service examinations will remain a part of the ISI. The related in-service examination programs will 
be supplemented, as appropriate, with relevant examinations. The ISI Program specifies in detail the 
rules of acceptance as a new element.  

Section XI provides two possibilities for determining the ISI interval, allowing the operator to select 
the appropriate one. The current Hungarian regulations require a 4-year interval for Class 1 
pressurized components and piping and for Class 2 components, and an 8-year interval for the 
secondary circuit components and piping. By considering the 10-year interval of Section XI inspection 
program B as an upper limit and trying to keep to a minimum the level of difficulties associated with 
the modifications of outage planning, the ISI interval has been determined as 8 years.  

  

                                                      
2
 Because of a recent change in the regulation, the former “structural examination” was renamed “in-service examination”. 

3
 Main gate valve is a specific VVER feature; each loop contains two isolation valves with an isolation function mainly during maintenance 

outage. 
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4.2. Periodic NDE program 
 

The NDE program documents – both NDE framework programs and acceptance standards – were 
modified to be in line with ASME BPVC Sections V and XI (Section V deals with NDE). This 
revision ensures the uniformity of the in-service examinations and the NDE (BPVC XI concept), and 
eliminates the deficiencies in the NDE programs. On this basis, the appropriate NDE framework 
programs have been supplemented with the following inspections: 

− IWB-2500 B-M-1 category examinations: surface examination of welds in the bodies of valves 
under DN 100, and volumetric examination of welds in bodies of valves of or above DN 100;  

− IWC-2500 C-C category examinations: surface examinations of welded attachments; and C-G 
category examinations: surface examinations of valve and pump casing welds. 

 

In addition, the program of in-service examinations has been supplemented with the IWD-2500 D-A 
category examinations (VT-1 visual examination of attachments of welded components and pipes). 
This is because the D-A category visual examination goes beyond the scope of current NDE programs, 
and it is identical to the visual examination to be executed during the in-service examination of the 
components. The only difference compared with current practice is that the visual part of the in-service 
examination is not – at least, not in every case – executed by NDE personnel qualified and certified 
according to the EN 473 standard [4]. In future, the visual examination during the in-service 
examination will be carried out by NDE personnel certified in VT at least to level 2.  

Although they are not bound by regulatory license, revision of the NDE procedures used has been 
carried out simultaneously with the NDE programs and the acceptance criteria. The generic and 
specific requirements of Section V (the content and structure of procedures, calibration, execution, 
evaluation and documentation of examinations) have been included in the revised NDE procedures. 
The NDE procedures used are as follows: radiographic testing (RT), ultrasonic testing (UT), liquid 
penetrant testing (PT), magnetic particle testing (MT), eddy current testing (ET), visual testing (VT), 
leakage testing (LT), acoustic emission testing (AE).  

The Section V requirements for the ultrasonic examination of planar reflectors specify the use of a 
qualified procedure. Appendix VIII of Section XI provides guidance on its practical implementation. 
The Hungarian regulations prescribe the qualification of NDE systems used for ISI on structures and 
components important to safety. This means the implementation of inspection qualification is not only 
part of adopting the ASME BPVC requirements, but also is part of compliance with the requirements 
of current operating license. The plant is still in the process of satisfying the regulatory requirements; 

the current status of inspection qualification can be seen in Table 1 (see next page). Today the 
personnel qualification is under preparation and will be in the focus. Inspection qualification is carried 
out according to European methodology. The main features and comparison of performance 
demonstration according to Appendix VIII and inspection qualification according to European 
methodology can be read in [5].  

 

4.3. Acceptance standards 
 

One of the biggest differences between the Hungarian NDE rules and the Section XI rests in the 
different concept of the acceptance standards. For ultrasonic testing, which shows the most significant 
difference, Section V and XI defines a primary reference response (PRR), which may be either a side-
drilled hole (SDH) or a notch. In ASME BPVC editions before 1989, the recording level was 50% 
PRR, after 1989, this value was reduced to 20% PRR. Upon exceeding this level, a sizing is necessary. 
The 1995 and later issues of Section XI require a qualified NDE procedure.  

In Hungary, evaluation of ultrasonic examination results has been based on a comparison between the 
amplitude and that amplitude given by a reference reflector. Reference reflectors are usually flat 
bottom holes (FBHs). Thus, the acceptance level is characterized by an equivalent FBH diameter. The 
registration level is usually equal to that of the construction (component manufacturing), and the 
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acceptance level is equal to the reference level plus 12 dB. Only if the amplitude exceeds this 
acceptance level a sizing and fracture mechanics evaluation have to be performed. This process is not 
in agreement with Section XI principles, because there is not any physical content behind the 
amplitude-based acceptance level (equivalent FBH diameter) and thus, it is not compatible with 
fracture mechanics. This simply means that there is no acceptance level according to ASME 
terminology in the current Hungarian ISI rule.  

 

Table 1. Status of inspection qualification in Hungary 

Subject 
NDE 

Equipment 
NDE 

Procedure 
NDE 

Personnel 

Qualifications completed 
SG Primary Collector (mechanized UT)    

SG Heat Exchanger Tube (mechanized ET) + + + * 

RPV Welds, Cladding, Nozzle Inner Radius 
(simplified mechanized UT from ID) 

+ + 
 

RPV Main Loop Nozzle dissimilar weld 
(simplified mechanized UT from ID) 

+ + 
 

RPV Cladding (simplified mechanized ET 
from ID) 

+ + 
 

Main Loop Circumferential Weld (mechanized 
UT) 

+ + 
 

Main Loop Longitudinal Weld (mechanized 
UT) 

+ + 
 

MCP Stud (MT) + +  
Small Diameter Tube (PT) + +  

Pressurizer Nozzle Dissimilar Weld (mechanized 
UT) 

+ + 
 

SG Collector Dissimilar Weld (mechanized UT) + +  
RPV Welds (mechanized UT from OD) + +  

SG Threaded hole (mechanized ET ) + +  
MCP Threaded hole (mechanized ET ) + +  

RPV Main Loop Nozzle dissimilar weld 
(mechanized UT from OD) 

+ + 
 

RPV Safety Injection Nozzle dissimilar weld 
(mechanized UT from OD) 

+ + 
 

RPV Stud (mechanized ET and UT) + +  
RPV Threaded hole (mechanized ET) + +  

Qualifications in progress 

SG Stud (mechanized ET ) + +  
MCP Stud (mechanized ET ) + +  

Generic Procedure for PT of nuclear components + +  
*   EPRI Qualified Data Analyst 
 

 
MVM Paks NPP decided on the further use of the original acceptance level regardless of the 
introduction of Section XI acceptance standards. The idea means that NDE results would first be 
evaluated against current criteria (Level 1) and, only if the results could not meet the criteria, they had 
to be evaluated according to the Section XI (Level 2). This concept has been underpinned by the 
feasibility studies, which state that Section XI acceptance standards are usually less rigorous than 
Hungarian ones. The concept was named as the two-level evaluation concept. The two-level 
evaluation concept ensures continuity with the current system, while the second level criteria explicitly 
represent the Section XI acceptance standards. 
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4.4. Pressure tests 

 
Leakage tests are not part of the TRPs; operations personnel conduct them during re-start of the units. 
The fundamental change is in the application of Section XI hydrostatic pressure test values with 
special regard to the test of primary coolant pressure boundary. Until 1993 the test pressure value at 
Paks NPP was 19.1 MPa (operations pressure at nominal power is 12.2 MPa), which is extremely 
high, and does not correspond to any safety rules. In 1993, the value was allowed by the regulator to 
be reduced to 16.4 MPa, which is still high enough compared with that of Section XI. The new ISI 
system, in line with the concept of ASME BPVC, which gives the preference to NDE against 
unnecessary component overloading by pressure test, would carry out a hydrostatic test of the pressure 
boundary in a lower test pressure. 

Since the regulator showed a great reluctance in this particular question, we have analyzed the 
technical advantages and disadvantages of the pressure test. The analysis was aimed at revealing the 
effect of pressure test (i) on the redistribution of residual stresses and (ii) on detection of failures. The 
results of the analysis has justified that the examination implemented at a pressure increased compared 
to the leakage test does not provide any additional valuable information to the judgment of the 
integrity of the component. In relation to the residual stresses occurring in the pressure retaining wall, 
it can be stated that the pressure tests implemented at the manufacturer and during commissioning 
establish the necessary residual deformation (blunting of crack tips by local plastic yielding). In those 
regions of the components, where the material properties do not change for the effect of service loads, 
further redistribution of residual stresses can only be caused by such large load, which could establish 
stresses of opposite sense to the ones established by the formerly performed pressure tests (e.g. repair 
by welding, unanticipated operating occurrence). In these cases the implementation of a pressure test 
is justified anyway, which is in agreement with the ASME BPVC concept.  

The pressure test analysis regarded the following cases as failure: unstable crack propagation, 
occurrence of leakage, and structural displacement or large deformation. Examining the relation of test 
pressure and crack instability, we concluded that in the pressure range above the operational level the 
probability of unstable crack propagation as a function of the applied test pressure is nearly permanent. 
Structural displacements or large deformations may occur as consequences of large dynamical loads or 
wall thinning caused by flow-accelerated corrosion. The pressure test has no role in the forecasting of 
causes of dynamic loads, the rupture of the pipe may immediately or in short time after the occurrence 
of the initiating cause may take place. For the justification of the safety against wall thinning the 
pressure test may be applied, only if the wall thickness forecasted for the time of next inspection is 
known. For this the rate of wall thinning has to be known, the accepted tool of which is the periodic 
wall-thickness measurement. The pressure test itself does not provide information on the existence of a 
flaw, for this only an acoustic emission inspection performed during the pressure test may provide 
basis.  

At too high test pressure the in-service pressure tests contribute to the cumulative damage of the 
material structure, which advances the evolution of the so called fatigue basis structure, and increases 
the probability of the occurrence of fatigue cracks. Thus at those components, which are subjected to 
volumetric NDE in the frame of the ISI program, it not only unnecessary is, but the application of test 
pressures significantly exceeding the service pressure may also be disadvantageous. In addition to 
these, there may happen operating difficulties connected to the implementation of the pressure test, 
and an increase in safety risks may occur during the test (as a consequence of erroneous operator 
action) [6]. 

 
5. Summary 

 

To support LTO a complete revision and as a results of it a substantial modification of the ISI program 
at Paks NPP was performed. The content of the ISI program achieved a good agreement with the 
ASME BPVC Section XI requirements. Indeed, the ISI program shows more and more features of an 
effective ISI. The acceptance criteria are in harmony with the technical requirements of the life 
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extension. In line with the Code, the NDE results will have to be evaluated on that basis, which allows 
their direct use for the fracture mechanics calculation if necessary, and thus the ISI results can fully 
serve for the decisions on the further operation or the repair / replacement of the pressurized 
components. In accordance with the nuclear safety regulation, it requires a modification license in 
relations to some documents and procedures. Currently the licensing process separately from the 
license renewal licensing is under way. 

 

The economic result gained form the adoption of the ASME BPVC requirements can also be 
estimated. The impact of the ISI interval extension from 4 to 8 years on a yearly basis for four units 
takes an amount of USD 300-600 M. The economic benefits of inspection qualification are not 
quantifiable or at least difficult to measure. It is not questionable however that the properly planned 
and more reliable NDE (inspection qualification) will decrease the probability of repetition of any 
examination, the non-planned failures due to erroneous NDE results, as well as the subsequent repair 
costs and loss of generation. Once the current deterministically driven ISI program or a part of it will 
be transformed into an RI-ISI program, further economic benefit in this regard may be expected. 
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