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ABSTRACT
Complete and accurate non-destructive examinations (NDE) data provides the basis for performing mitigating actions
and corrective repairs. It is important that detection and characterization of flaws are done properly at an early stage.
EPRI Document PWR Steam Generator Examination Guidelines recommends an approach that is intended to provide
the following:
•

Ensure accurate assessment of steam generator tube integrity

•

Extend the reliable, cost effective, operating life of the steam generators, and

•

Maximize the availability of the unit.

Steam Generator Eddy Current Data Analysis Performance Demonstration represents the culmination of the intense
two-year industry effort in the development of a performance demonstration program for eddy current testing (ECT) of
steam generator tubing. It is referred to as the Industry Database (IDB) and provides a capability for individual
organizations to implement SG ECT performance demonstration programs in accordance with the requirements
specified in Appendices G & H of the ISI Guidelines.
The Appendix G of EPRI Document PWR Steam Generator Examination Guidelines specifies personnel training and
qualification requirements for NDE personnel who analyze NDE data for PWR steam generator tubing. Its purpose is to
insure a continuing uniform knowledge base and skill level for data analysis.
The European methodology document is intended to provide a general framework for development of qualifications for
the inspection of specific components to ensure they are developed in a consistent way throughout Europe while still
allowing qualification to be tailored in detail to meet different nation requirements. In the European methodology
document one will not find a detailed description of how the inspection of a specific component should be qualified. A
recommended practice is a document produced by ENIQ to support the production of detailed qualification procedures
by individual countries.
VVER SG tubes are inspected by EC method but a performance demonstration program is not yet as advanced for ECT
of VVER SG tubes as it is for PWR SG tubes. There are great differences between countries with VVER operated
nuclear power plants. Some of the countries have not even started similar activities, while some of them conducted a
performance demonstration on artificial flaws including artificial corrosion.
VNIIAES (All-Russian Scientific Research Institute for Nuclear Power Plant Operation), OKB Gidropress (main
designer of VVER) and INETEC-Institute for Nuclear Technology have started up a project to develop a database
similar as it is done by EPRI (Electric Power Research Institute) for PWR by real samples of steam generator tubes.
The paper will present main activities regarding the above mentioned project.

1

INTRODUCTION

Operational successes receive little or no recognition in the eyes of the public; failures, however, typically
achieve broad recognition generally in a hostile press.
Forced outages are a very simple but effective measure of the reliability of steam generator examination
process. They occur for many reasons including tube examination technology or technique limitations,
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excessive flaw growth rates, inadequate steam generator sampling practices, and errors associated with the
analysis process. Simple mistakes or errors always have the potential for occuring as long as humans are
involved in the analysis process.
As some examples were identified where analysis practices have contributed to forced shutdowns or
permitted repairable tubes to remain in service, EPRI started a project of creating a database for PWR which
purpose was an uniform education and training of NDE personnel, and qualification in order to improve the
reliability and the quality of ECT.
In the following text, an overview of EPRI objectives and activities, regarding the above mentioned project,
will be given.
Afterwards, the efforts of VNIIAES, OKB Gidropress and INETEC-Institute for Nuclear Technology to
achieve the same goal but on VVER steam generators, will be given.

2

PULLED TUBE METALLOGRAPHIC & EDDY CURRENT DATA AT PWR

The EPRI project consisted of the following:
! research process on PWR (Babcock & Wilcox, Combustion Engineering and Westighouse) steam
generator tubes which contributed to the comprehension of degradation mechanisms’ types and
regions where those mechanisms occurred.
! Choice of the technique which would be applied during the inspection (bobbin probe, rotating probe
and array probe)
! Removing tubes of PWR SG tubes (Babcock & Wilcox, Combustion Engineering and Westighouse),
comparsion of eddy current analysis and destructive metallography results in order to achieve the
comprehension of reliability of EC method.
! Creating a database.
Eddy current analysis results of pulled tube that were removed from Babcock & Wilcox, Combustion
Engineering and Westighouse steam generators, in-plant eddy current data, and destructive metallography
results represent an extremely valuable resource for the eddy current data analyst. Knowledge derived from
comparing destructive metallography results with the orginal eddy current analysis results provide feedback
on the performance of data acquisition and analysis techniques.
Pulled tubes, by their very nature, include damage mechanisms grown under proto-typical plant conditions.
There are no specimen credibility issues often associated with fabricating artificial defects in the laboratory.
Of equal importance is the automatic inclusion of the effects of secondary-side environmental conditions,
such as interfering deposits, sludge, etc., which, while often unknown, are almost impossible to replicate
exactly under laboratory conditions. Since the eddy current data used for correlation was acquired prior to
tube removal, the detrimental effects of tube distortion caused by tube removal forces are also eliminated.
Tubes examined in hot-cells after removal rarely offer the same eddy current response as they did prior to
removal.

3

PROJECT OF IMPROVEMENT OF EC INSPECTION AT VVER

As it is mentioned before VVER steam generator tubes are inspected by EC method but a performance
demonstration program is not yet as advanced for ECT of VVER steam generator tubes as it is for PWR
steam generator tubes.
The main differences between VVER steam generator and PWR steam generator are the position of steam
generators. VVER steam generator (Figure 1) is in the horizontal position and PWR steam generator is in the
vertical position. The tube material is also different.
Utilities, OKB Gidropress and institutions that perform inspections at VVER plants realize the importance of
creating a database with the purpose of a uniform education and training of NDE personnel and qualification
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in order to improve the reliability and the quality of ECT. A similar approach has been done but with the
same goal as it was done for PWR.

Figure 1. VVER steam generator

In the following text, an overview of activities related to VNIIAES, OKB Gidropress and INETEC-Institute
for Nuclear Technology, that started the project, will be given.
The whole project is divided into two phases, shown in Figure 2 and in Figure 9.
The first phase of the project is conducted in order to address all doubts in regard to reliability of eddy
current method for inspection of VVER steam generator tubes. The first phase included the fabrication of the
“blind” test samples with artificial defects which imitate the actual defects type (shape, orientation and
dimension) that exist on VVER steam generator tubes. The size selection of the artificial defects was
conducted in accordance with an experience of existed tube degradations and performed inspections on
VVER steam generator tubes. The fabrication of the defects was made by using the spark cutting method.
The length of two manufactured samples was approximately 1 meter with more than 50 defects (Figure 3).
VNIIAES organized a Round Robin test and a few vendors participated in the performance of the EC
inspection. EC inspection of test samples was performed with bobbin probes, however INETEC-Institute for
Nuclear Technology was the only company that used rotating probes.
PHASE 1

Fabrication of test samples of SG
tubes with artificial defects

Estimation of reliability
of ECT by “blind” test

EC inspection performance on SG
tube samples (Round-Robin test) by
different vendors
Transfer of the results to VNIIAES

Analysis of the SG tubes
test-sample results.
Conclusions and
recommendations.

Figure 2. The scheme of the first phase
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Figure 3. General view of the two test samples with artificial defects in protecting covers

The analysis of the test samples was performed by EddyOne software (Figure 4 and Figure 5).

Figure 4. Medium indication (bobbin probe)

Figure 5. Part of tube with many little indications (pancake rotating probe)

We are not willing to make any comments on the participants’ result of the first phase and we would like
VNIIAES to be the one to make comments on the result of the first phase.
The second phase included EC inspection on VVER SG tubes in order to acquire information where the
critical regions related to degradation mechanisms were. Based on the critical regions, selection of the most
interesting tubes were made in order to make selections which tubes were going to be cut from replaced
steam generator at NPP South Ukraine (Figure 6, Figure 7 and Figure 8). Prior to cutting 700 steam
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generator tubes, EC inspection of selected tubes by bobbin probes was performed. After cutting the tubes,
repeated EC inspection was performed by bobbin probe and rotating probe.

Figure 6. Replaced steam generaor at NPP South Ukraine

Figure 7. Tubes of replaced steam generator with sludge at NPP South Ukraine

Figure 8. Prepared tubes for EC inspection

Pulled tubes are in the process of the decontamination and cleaning and afterwards repeated EC inspection
will be performed in order to eliminate any factors that might make any influence on the tubes regarding
decontamination and cleaning.
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Obtaining destructive metallography results by destructive examination of the pulled tubes and making a
comparison with eddy current analysis results provide us with feedback on the performance of data
acquisition and analysis techniques.

PHASE 2
Based on inspection results selection of
the most interesting SG tubes was made
in order to cut tubes from replaced SGs
at NPP South Ukraine

Assessment of
inspection results of
SG tubes on VVER 440
and VVER 1000

Cutting out selected tubes
at NPP South Ukraine

EC inspection of pulled
tubes by bobbin and rotating
probe

EC inspection of before selected
SG tubes at NPP South Ukraine by
bobbin probe

Decontamination and
cleaning of pulled tubes

EC inpection of pulled and
cleaned tubes by bobbin
and rotating probe

Destructive examination of
pulled tubes

Comparsion of NDE results
and DE results

Achievement of the project
goal

Figure 9. The scheme of second phase

EC inspection of the tubes prior to cutting was performed on the free length of the steam generator tubes, and
under the tube support plates in the lower part of the steam generator because of the greater amount of
sludge. It is assumed that pitting and IGA/SCC degradation mechanisms occurred on the tubes, however, the
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destructive examination will show the real state. The analysis of the EC inspection showed that the average
value of the tube wall loss is 58,72%, and the average value of amplitude signal is 8,03V.
Most tubes have 50-55% of tube wall loss. Figure 10 shows the histogram of tube wall loss and figure 11
shows the histogram of amplitude signal.

Histogram (NEW.STA 1v*3386c)
y = 3344 * 0,666667 * normal (x; 58,7171; 22,7071)
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Figure 10. Histogram of tube wall loss

Histogram (NEW.STA 1v*3353c)
y = 3193 * 0,3484 * lognorm (x; 1,28728; 0,976611)
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Figure 11. Histogram of amplitude signal

CONCLUSION
VVER steam generator tubes at lower positions are the most interesting due to sludge. As the VVER steam
generators are in the horizontal position, it is impossible to pull the tubes situated at lower postion of steam
genertor and that’s why cutting tubes of replaced steam generator is eligible.
The second phase is partly completed, the process of the decontamination and cleaning is in progress. After
decontamination and cleaning repeated EC inspection will be performed.
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% Throughwall - Eddy Current

One of the project objectives is comparison of destructive metallography results with the orginal eddy
current analysis results as EPRI has made for PWR. The figures below shows comparison of EC and
metallography data related to IGA/SCC (Figure 12) and related to pitting (Figure 13) degradation
mechanisms that occurred on PWR steam generator tubes.
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Figure 12. Comparison of EC data and metallography data for IGA/SCC under tube support
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Figure 13.Comparison of EC data and metallography data for pitting (EPRI source – PWR)

In the near future, the results of comparing destructive metallography results with eddy current analysis
results on removed VVER steam generator tubes will be reported.
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