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ABSTRACT 

 
As a pilot application of the risk-informed in-service inspection at Paks Nuclear Power Plant, 
Hungary, the primary coolant pipeline was selected. The preparatory work started with the assessment 
of the failure occurrence probability. The pipeline made of Ti-stabilized austenitic stainless steel was 
divided into appropriate structural segments, and the following information was collected: design 
data; material properties (manufacturing data); pre-service inspection and in-service inspection 
results; operational history with special regard on water chemistry regime; reports of periodic safety 
reviews; and international databases of operational events. Based on these the potential material 
degradation mechanisms related to the individual structural segments were identified, and their 
likelihood was predicted, primarily on qualitative way.  

 
 

INTRODUCTION 
 

Nowadays the concept of risk has large importance due to numerous facts. To summarize these facts, 
one can say, that risk includes consequences, probabilities, profits and deficits, damages and 
catastrophes. It is not hard to find out, that risk is a conditional thing, which can have negative effects 
if it occurs. Besides the economical life, the aim of the specialists in the industrial life is also to 
minimize (or if it is possible to eliminate) the risk. To handle the risk, there are different concepts in 
the technical life, namely the risk-based and the risk-informed methodologies. Basically, the main 
goals of both of them are similar; the basic difference between them can be found in those factors, 
which are taken into consideration during the decision-making process. Simply speaking, the main 
goal of risk-informed applications is to mitigate the risks as far as possible by focusing on the highest 
risks items, and to direct all of the studied elements into an acceptable risk profile. Figure 1 shows a 
scheme on the benefits of risk-informed concept. 

 

 
 

Figure 1 - Main benefits of risk-informed concept 
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Besides the benefits, of course, the difficulties related to the concept implementation must not 
be forgotten. A concept like this requires numerous information and data about the system under 
investigation. In many cases the data collection meets with obstacles, because of the deficiencies of 
the existing database. The accuracy and the relevance of the input data are primarily important, 
because inadequate details can influence the result. To develop an inspection plan based on risk-
informed concept, an expert team is needed, including inspectors, operators as well as internal and 
external experts, specialized in risk concept. 

The objective of this paper is to present the interim results of a pilot application in establishing a 
risk-informed in-service inspection (RI-ISI) program. The results restrict to the assessment of failure 
occurrence probability in the selected system. 

 
 

BRIEF OVERVIEW OF RI-ISI METHODOLOGIES 
 

ISI is one of the areas in nuclear industry where risk-informed approach is present. Before the 
appearance of risk concept, ISI was based mainly on general industrial experience, while the intervals 
between two inspections were fixed. It was always important to aware of the current condition of the 
system and its components, because it was the way to prevent the ensuing of failures and negative 
events. To obtain this information, ISI has to be carried out, which assess the current condition of the 
studied components, which is one of the best information sources about the system. The objectives of 
introduction of RI-ISI in nuclear industry are similar than the above-mentioned goals. The main 
objective is to increase or at least to maintain the safety level of the nuclear power plant (NPP). It can 
be carried out by focusing the inspection efforts and resources on the safety-significant elements. By 
this means, the effectiveness of the inspection program can be improved and due to the clear, 
repeatable and comprehensible processes the confidence of the public will increase. There are five 
major stipulations and requirements (key safety principles), which have to be fulfilled by all types of 
RI-ISI in accordance with USNRC Regulatory Guide 1.174 [1], Figure 2. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2 - Requirements for RI-ISI methods [1] 
 

NPPs have very complex technology, and they work with radioactive materials. So, it is 
necessary to maintain the safety, because a failure can result in high consequences, which can damage 
the environment both globally and locally, the human health, not to mention the economic 
consequences. The home of RI-ISI is USA, since RI-ISI was firstly developed, implemented and 
applied there. There were more endeavors to establish the future of RI-ISI, including the development 
of two methods for it. At the end of 1998 WOG method 1 , while EPRI methodology was introduced 
one year later. Both methods are based on the ASME Boiler and Pressure Vessel Code Section XI, 
which is about the Rules for In-Service Inspection of Nuclear Power Plant Components. 

 
 

………………….. 
1 See explanations in Table 1
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More methods were carried out for RI-ISI by different expert teams, in different countries. A brief 
description about these methodologies is provided in Table 1. If we analyze the existing picture of the 
applied RI-ISI procedures it is easy to recognize the similarities and differences between the practices. 
One of the differences is the nature of the method, in other words, that whether they are quantitative 
or qualitative ones. Analyzing the methods, it can be seen, that the main steps of them are the same, 
but the execution of them may be different. It has to be mentioned that a European framework 
document was prepared under the leadership of the European Network for Inspection and 
Qualification (ENIQ) to provide guidelines for utilities both for developing their RI-ISI approaches 
and for using or adapting already established approaches to the European environment taking into 
account utility specific characteristics and national regulatory requirements [2]. 

 
 

Table 1 - Brief description of RI-ISI methods 
 
 

OMF – Structures 
(OMF - Optimisation de la 

Maintenance par la Fiabilité) 
� Qualitative + quantitative; 
� Qualitative: failure potentials; 
� Quantitative: risk importance 

measures; 
� Structural reliability models 

↓ 
     Failure probabilities. 

WOG method 
(WOG - Westinghouse Owners 

Group) 
� Quantitative and relative method; 
� Structural Reliability and Risk 

Assessment 
↓ 

      Failure probabilities; 
� Risk reduction worth 

↓ 
      Initial risk ranking; 
� Expert panel – integrated decision 

making 
↓ 

    Safety significance categories 
    (high, low) 

EPRI method 
(EPRI - Electric Power Research 

Institute) 
 

� Qualitative and absolute method; 
� Based on service experience and 

pipe failure data; 
� 3 rupture potential categories (high, 

medium, low); 
� Conditional core damage probability 

+ conditional large early release 
probability 

↓ 
    consequences categories 
    (high, medium, low, none); 
� Risk matrix combines rupture 

potential categories with 
consequence categories 

↓ 
    high, medium, low risk category; 
� No expert panel. 

 
STUK method 

(Radiation and Nuclear 
Safety Authority, Finland) 

� Risk ranking procedure based on 
EPRI method, 

    BUT: 
- failure potential categories are 

more conservative and 
differentiated; 

- failure consequences is 
expressed in conditional core 
damage probability; 

  Not as prescriptive. 

DNV method 
(DNV – Det Norske Veritas)  

� Quantitative method; 
� Focus on piping systems which are 

susceptible to intergranular stress 
corrosion cracking; 

� Probabilistic fracture mechanics + 
leak detection 

↓ 
    Failure probabilities; 
� Risk ranking by core damage 

frequency 
↓ 

   Very high, high, medium, low, very 
low 

   No expert panel. 
 

 
 



JUSTIFICATION OF METHOD SELECTION AND BRIEF DESCRIP TION OF THE 
TARGET SYSTEM 
 
The RI-ISI method chosen 
 
After studying the different RI-ISI strategies, the EPRI method was chosen to follow in the 
development of an RI-ISI program, i.e. to perform the assessment of failure occurrence probability of 
the selected piping system. The causes of choosing EPRI method had different aspects. One of the 
aspects was the fact, that there are a lot of existing and available literatures about this strategy, on 
which basis enough knowledge can be gained to perform the work. Another reason for choosing the 
EPRI method is the fact, that after studying the methodologies we could conclude that we have all 
data and information about the target system which are required for this method. Finally, the EPRI 
method had already been successfully applied for many systems in VVER reactors, including our 
target system, thus the results could be compared with other’s results. A detailed description of the 
method can be found in [3]. 

At the beginning of the work, the target system had to be determined. Considering that this 
project is implemented as a part of a PhD thesis, we had to look after a system at Paks NPP 1, which 
can be applied for demonstration goals as well. Thus, we tried to find a pipeline system, which has 
essential importance and safety significance in the plant operation, and on which a detailed 
degradation assessment can be performed and demonstrated. As a result of the assessment different 
conditional degradation mechanisms are expected with various consequences, by which it will be able 
to demonstrate the complexity of the method, but besides the complexity, also the benefits received by 
the application of RI-ISI strategy can be highlighted.  

 
The target system 
 
Decision was made on one loop of the primary coolant piping system. Primary coolant piping as a 
substantial portion of the primary pressure boundary has considerable importance in the NPP 
operation. The primary coolant piping is responsible for providing coolant to the reactor pressure 
vessel (RPV) and for conducting the warmed up outlet coolant medium toward the steam generators. 
VVER-440 type NPP includes six primary coolant circulation loops; each loop has an own reactor 
cooling pump (RCP), a horizontal steam generator (SG), two main gate valves (MGVs) and the 
connected piping between the above-mentioned components. It is obvious, that maintaining the 
structural integrity of the primary coolant pressure boundary (the piping system is part of it) is 
essential for the safe and reliable operation of the NPP.  

For the assessment the loop No 6 was selected. This is to which the pressurizer is connected 
between the RPV outlet nozzle and MGV. Figure 3 shows the layout of the entire primary coolant 
system of the VVER-440 NPP.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

…………………………….. 
1 Paks NPP is Hungary’s sole nuclear power plant, where four VVER-440 model 213 units (Russian Pressurized 
Water Reactor) are in operation 



 
 
 

 
Figure 3 - Layout of the primary coolant system of a VVER-440 

 
 

The assessment of the system (loop No 6) was carried out between the two assembling 
weldments to the RPV and to the SG. The loop includes one straight part, two large-radius bending 
sections, and three straight sections with the connected longitudinally welded elbows, Figure 4. In 
Table 2 the steps of the assessment process are summarized. Steps 1 to 4 are completed; and 5 to 8 are 
under progress. 

 
 

 
Figure 4 - Loop No 6, the target system  

(A – RPV outlet nozzle, B – RPV inlet nozzle) 
 



 

 

Table 2 - Steps of the assessment process  
1. Data collection Data and information collection were performed with a close cooperation with 

the specialists of Paks NPP. As a result of this step, systematization of the 
received documents was done. Following data are available for the assessment: 

- geometrical data; 
- design data; 
- manufacturing data; 
- operational data (water chemistry); 
- data about component condition (inspection results). 

2. Segmentation One segment means a portion of piping with similar consequences, which may 
be susceptible to the same degradation mechanisms.  
Target loop was divided into 30 portions, on the basis of the geometry of the 
system, then the 5 main and large portions were determined as follows: 
- one portion from RPV to MGV; 
- one portion from MGV to RCP; 
- one portion from RCP to SG; 
- one portion from SG to MGV; 
- one portion from MGV to RPV. 
The above-mentioned 5 main portions were divided into smaller segments, on 
the basis of the geometry of the piping. The main considerations during the 
segmentation were those special geometrical properties, which can have 
influence on the behavior of the piping against the different degradation 
methods. 

3. Failure assessment All potential degradation mechanisms, which can occur in the case of the 
primary coolant system, were taken into consideration. A criterion system was 
developed to each individual degradation mechanisms if it does exist or not. 

4. Failure probability 
analysis  

Qualitative failure occurrence probability analysis was performed, but a 
quantitative assessment will still be performed. 

5. Consequence analysis 
6. Risk ranking 
7. Safety-related classification 
8. Inspection planning 

 

 



MAJOR INPUTS FOR FAILURE OCCURRENCE ANALYSIS 
 
The most important information regarding to the relevant degradation mechanisms can be seen in 
Table 3.  

 

Table 3 - Main properties of the relevant degradation mechanisms 
Degradation 
mechanism 

Main properties Influencing factors 

General 
corrosion 

Structural material of the piping system is 
08Kh18N12T and 08Kh18N10T, which are 
austenitic stainless steels. As the material is 
corrosion-resistant steel, we do not have to expect 
for corrosion in the piping in general. However, 
regarding to the weldments local corrosion may be 
taken into consideration. 

• material quality; 
• flow conditions; 
• presence of material flaws; 

Pitting 
corrosion 

There are some events, which can increase the 
probability of pitting corrosion, like: 

• increasing of chloride-ion concentration; 
• increased oxygen-content of primary water; 
• temperature increasing; 
• micro- and macro structural inhomogenities 

and flaws; 
Probability of pitting corrosion has considerable 
importance at those still points, where in the aqueous 
solution are not flows, so the contaminants can be 
concentrated.  

• primary water contents; 
• primary water concentrations; 
• temperature; 
• presence of material flaws; 
• flow conditions; 

Vibration- 
induced 

corrosion 

We do not have to calculate with vibration-induced 
damage mechanism, because the supporting 
structures are connected to the piping not in a fix, 
but flexible mode. 

• vibration conditions; 
• type of fixing points (flexible or 

fix); 

Stress 
corrosion 
cracking 

δ-ferrite content has large influence on occurring of 
stress corrosion cracking. The acceptable δ-ferrite 
content of the structural material is 12%. Larger 
ferrite-concentration leads to decreasing of the 
corrosion resistance. From this point of view, the 
chloride-ion concentration has also importance, 
according to Russian experimental data. Chloride-
ion concentration which can result in stress-
corrosion cracking is 10mg/m2. 

• δ-ferrite-content; 
• oxygen and chloride 

concentration of primary water; 
• temperature; 
 

Thermal 
fatigue 

Piping has fixed end only at the RPV, at the other 
points it can move without restriction. In addition to 
the fixed point, fatigue can also be occurred due to 
operating transient, breakdown transient, thermal 
stratification, etc. 

• fixing points; 
• operating temperature; 
• presence of thermal transients; 

Thermal 
stratification  

Richardson number can determine the possibility the 
occurrence of thermal stratification 

 

• if Ri > 4, the thermal 
stratification occurs; 

• temperature difference in 
primary water in straight section; 

Erosion 
Operating temperature is between 267-300 °C in the 
system, and there is a flow. The velocity of 
circulated water is larger than 10 m/s. 

• operating temperature; 
• presence of flow; 
• flow velocity; 

Fatigue 

Piping has fixed end only at the RPV, at the other 
points it can move without restriction. It is a fixed 
connection point in the system, but according to the 
fact, that there is no considerable vibration, it is not 
an existing problem. 

• cyclic load; 

 

 



Table 3 clearly summarizes for what we have to concentrate during the assessment. Besides the 
data included in the table, the following information sources are also available: geometrical data, 
design data, manufacturing data, water chemistry data, data related to the different measured 
concentrations of primary water (boric acid; ammonia; chloride-ion; hydrogen-concentration), data 
about operation condition (pressure, temperature, etc.), data about pre-service inspection (PSI) and 
ISI. 

 
 

POTENTIAL DEGRADATION MECHANISMS OF THE ANALYSED SY STEM 
 
On the basis of the data and information in Table 3, the following assessment system was drawn up. 
As it was mentioned earlier, thirty testing points were determined, however according to numerous 
similarities; these points could be categorized into five groups (commodity groups). These groups are:  

• Connecting (circumferential) welded joints to the RPV, SG, RCP and MGV; 
• Other circumferential weldments (including factory weldments); 
• Straight sections; 
• Bending (30˚ and 70˚ ); 
• 90˚ elbows with longitudinal welded joints. 

The result of the failure assessment can be seen in Table 4. 
 

Table 4 - Results of failure occurrence assessment 

Critical points Potential degradation mechanisms 
Local corrosion 
Erosion 90° elbows with longitudinal welded joints 
Stress corrosion cracking 
Local corrosion 
Erosion 

Connecting welded joints to RPV, SG, RCP 
and MGV 

Fatigue 
Local corrosion 

Straight sections 
Stress corrosion cracking 
Erosion 

Bending (30˚ and 70˚ ) 
Stress corrosion cracking 
Thermal fatigue (only at connecting weld to 
surge line) 
Erosion 

Other circumferential welded joints 

Stress Corrosion Cracking 
 

 
 
FAILURE PROBABILITY PREDICTION 
 
Prior to the quantitative failure probability analysis we prepared a prediction, in order to get a solid 
knowledge about the expected results. To have a more graded picture on the probabilities, additional 
categories within the method’s original “low, medium and high” categories were created.  Thus we 
had the following categories: low, low to medium low, medium low, medium low to low, medium.  A 
summary of this preliminary assessment, i. e. the probability categories of the potential degradation 
mechanisms is summarized in Table 5 and shown in Figure 5. It can be seen that the majority of the 
potential degradation mechanisms at the analyzed sections have low probability. It is, in fact, justified 
by the smooth operation of the units at Paks NPP so far (commercial operation started between 1982 
and 1987). 
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Figure 5 - Summarized results of the preliminary assessment 

 

Table 5 – Summarized results of the preliminary assessment. 

Analyzed point Degradation mechanism Probability category 
Fatigue Low 

Local corrosion Low-LowMedium 
Assembling weld to the 

reactor 
Erosion Low 

Local corrosion Low-LowMedium Assembling welds to the 
main parts (main gate weld, 

steam generator, main 
circulation pump) Erosion Low 

Local corrosion Low 
Straight section 

Erosion Low 
Erosion Low 

Bend 30oC and 70oC 
Stress Corrosion Cracking Low-LowMedium 

Local corrosion Low-Medium 
Erosion Low Bend 90oC 

Stress Corrosion cracking Low-Medium 
Thermal fatigue Low-LowMedium 

Erosion Low 
Connecting weld to the surge 

line 
Local corrosion Low-LowMedium 

 

 
 
NEXT STEPS 
 
As next step we will further study the documentations of the system, especially the information 
regarding to inspection history. Currently, ISI is performed in accordance with an adopted Russian 
program the scope of which is practically identical with that of the ASME Section XI. Some recorded 
indications made by ultrasonic examination exist from the PSI and previous ISI which have to be 
reevaluated, interpreted and involved into the influencing factors if they would be relevant. After the 
accomplishment of the entire failure assessment, the methodology of a quantitative probability 
analysis will be determined. At this moment, the probability analysis is planned to be done partially 
by an expert panel, partially by mathematical calculation. The development of consequence analysis 
has also already been started. Once the risk ranking on the basis of probability and consequence 
analyses is carried out, the RI-ISI program planning can be started. 
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