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The paper describes the “Database of chemical regimes and tube damage” of horizontal steam 

generators VVER type managed by Nuclear Research Institute Rez (NRI) for four years. The Database 
now contains data of seven NPP’s; data of chemical regimes since the year 1995 and all available data 
of eddy current controls. Results of the DB data evaluation have brought new findings to steam 
generator as a lifetime predictions and support to SG maintenance plans.  

 
1. INTRODUCTION 

Since year 2000 NRI Rez has managed the “Database of chemical regimes and tube 
damage” of horizontal steam generators VVER type (DB). Participants of the DB project are 
five nuclear power plants (NPP) VVER 440 type (Dukovany, Bohunice, Mochovce, Paks, 
Loviisa) and two NPP VVER 1000 (Temelin, Zaporozhye). The Database includes data of 
chemical regimes since the year 1995 and all available data of eddy current controls. 

The DB is annually up-graded by new data from SG service and all data are analyzed. 
New analyses bring further results to advance in searching of possible correlations between 
chemical regime parameters and tube damage. 

In framework of the DB project it was recognized that the DB is useful tool not only to 
archive the SG history for future support of license procedures. Results of statistical analyses 
of eddy current controls helps to understand the tube damage processes. The lifetime of SG’s 
is possible to predict on the base of the statistical results. Service life of more than 40 years 
for SG operating with healthy chemical regimes has been predicted. 

 
2. STRUCTURE OF DATABASE 

The database compiles water chemistry data of SG feed water (FW) and blow down (BD) 
from five NPP VVER 440 (Dukovany - EDU, Jaslovské Bohunice – EBO, Mochovce – EMO, 
Paks and Loviisa) and two NPP VVER 1000 (Temelin - ETE, Zaporozhye - ZAES) together 
with data of SG tubes, both number of plugged tubes and tubes with ECT indications. 

Data are presented in the original scheme (archive) and also worked up into base 
statistics. Set of values is presented in pre-defined graphs. DB includes EC visualization 
software. 
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Fig. 1. Structure of the Database 
The service data are stored in DB and are used for basic statistical analyses and 

comparisons between NPP’s. The DB has the user familiar format of MS Excel sheets 
communicating together by hypertext links. 

The main goal of the analyses is to find any correlations between tube damage and other 
parameters to avoid non-correct service and maintenance processes and to ensure long 
lifetime for the HSG’s. 

 
3. RESUTS OF DATABASE DATA EVALUATION 

3.1 Correlations between chemical regime and tube damage 
It has been recognized, that it is possible to correlate the damage (X, Y) or plugging (A, 

B) of the tubes with a parameter of water chemistry for those SG’s having been EC inspected 
at least twice in time period from1995 to 2003, see Fig. 2. For the SG’s the values X1, Y1 
(A1, B1) and X2, Y2 (A2, B2) are available. But the values X1, Y1 (A1, B1) correspond to 
water chemistry of the pre-1995 period, e.g. before the period monitored by DB, and so, it is 
possible to search for correlations only using the values X2, Y2 (A2, B2) and any water 
chemistry characteristics available from the DB. 

Fig. 2. Scheme of parameters finding for correlations 
 
 The other problem is EC inspections with low number of inspected tubes (that means 

less then 100% of tubes per one SG). If we admit random distribution of indications, then the 
selection of tubes within subsequent inspection is not random at all (For example next 20% of 
tubes contains defective tubes from the previous measuring plus a part of previously not 
measured tubes. Hence the total number of indications with 20% inspection is not fivefold. ). 

The tubes damage describes as a function of chemical regime parameters (ch1 – cha): 
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To find an adequate chemical parameter is a serious problem. It is possible to assume, 
that not only parameters of blow downs and fluctuations of concentration impurities in SG 
affect tube damages, but as well pH values of the whole steam-water circle, amounts of 
deposits on tubes, pH values and impurities concentrations in the crevices, impacts of 
chemical cleaning, continual and periodical blow down regimes, influences of short time 
changes and as well material and technological parameters of SG tubes and other secondary 
circuit components and so on. All the data evaluations in DB are provided with respect to 
influence of the other parameters. For example a filter according the unit power is set on the 
chemical data values.  
 
 At the time several parameters were proposed to fit first correlations between tube 
damage and service regimes. Unfortunately, the first correlations are very weak or none. Two 
examples are presented in Fig. 3. But the situation is challenge for future when more data are 
expected in DB. 

 

Fig. 3. Two examples of attempts to 
correlate a chemical regime parameter, the maximum value of average cation conductivity per 
year cycle from the four year period max CC, or the minim value of average ratio of sodium to 

cationic conductivity per year cycle from the four year period Na/VK, and tube damage 
parameter number of new ECT indications per year from EBO data in DB, all SGs’. 

 
  
3.2 Tube damage evaluation 
The Weibull distribution is widely used statistics for description of time-depending 

degradation processes. For purpose of understanding of SG tube damage process and 
predicting SG operation it is significant statistical value of the probability that failure will 
occur in the next increment of time, the hazard function. 

The hazard function, h(t),  is given in equation  
 
                                                          1t)t(h −β

βΘ

β
=      (2) 

where t is time, Θ  is scale parameter, β is shape parameter (Weibull slope). 
Based on the value of β the processes critical for initiation and propagation of stress corrosion 
cracking (SCC) can be understood [1]. In case of SG tubes it is possible to differentiate three 
stage of a service ageing process of tubes according the β value, see Table 1. 

Combining time course of h(t) curves for β<1, β=1 and β>1 the bathtub curve is formed 
where earliest failures occur early, but their frequency decreases, while failures due to 
operation conditions begin to occur and their frequency increases. 
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Table 1 
               Types of failures distinguished by shape parameter β 
 

β Stage h(t) Dominant causes of failure 
< 1 Early failures Decreases in time Manufacture process – residual stress, 

material inhomogenities, tube bending, … 
= 1 Initiation of 

degradation 
Independent of time Pre-service processes are over and 

corrosion processes are in initiation stage. 
> 1 Service aging Increases in time Stress corrosion cracking or the other 

corrosion processes  
 

The main target of statistical evaluation of data of eddy current controls (EC) of steam 
generators tubes is to determine the present stage of tube damage process of each SG 
separately. Before the evaluation basic problem it had to be solved the problem, that the first 
EC tests of SG were performed after 4 – 9 years of operation at NPP Dukovany, resp. 6 – 15 
years in case of NPP Bohunice.  After, by the statistical analyses of EC data from Dukovany 
and Bohunice NPP the similar bathtub curves were received having the typical features: 
 For the first 14 years of operation the value of β was in interval   0.3 – 0.8. It likely 

means that the secondary water chemistry was not the dominant cause of failures. This 
statement can be supported with the fact that more as 90% of failures were located 
under tube support plates where residual stresses and bends could be expected. 

 After 14 years up to now the value of β is approximately 1. It means that service failures 
are in initiation stages.   

In the statistical evaluation it was found that the only one SG, SG 22 in EBO, behaves 
according h(t) with β > 1. However, the lifetime of SG22, calculated as designed 15% reserve 
of heat transfer surface, is about 67 years, Fig. 4.. The estimated average lifetime of the EDU 
HSG’s is 82 years, at the 0.95 confidential level is higher than 42 years [2]. 
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Fig. 4. The cumulative probability F(t), the Weibull distribution function for SG tube 
damage based on EC data 

 
Unfortunately, it was not possible to evaluate statistically EC data from further partners 

of the DB. In case of Paks and ZAES (units 4 and 5) EC controls started too late after start of 
operation and only with limited amount of inspected tubes. For EMO, ETE and Loviisa there 
are none or very low indications due the time. 



 

4. DISCUSSION 
In the first years the most time of work on database was spent to complete with data from 

last years of operation of all the NPP’s. At the mean time there were some major changes 
done in the technology in EDU and Paks (replacement of condenser tubes and pH-value 
increase) and in the future probably the EBO units will be operated with ETA dosage. Hide 
out return analyses (HOR) are evaluated only in EDU and EBO for some years. They show, 
that the pH values are of slightly alkaline in the crevice environment, but with the 
replacement of condenser tubes and elimination of condensate polishing it is not possible to 
eliminate adverse molar ratio in the crevices, which can cause low pH values and eventual 
tube damage increase.  

During the time of operation transient failures occur in the water chemistry with step over 
of some chemical parameter limits. Water chemistry data stored in the DB allow the 
assessment of the transients with possible impact on heat exchange tubes damage (for 
example EMO 2000). 

All those changes can influence not only in water chemistry changes, but also 
consecutively in number of indications in heat exchange tubes. The database can be useful for 
the documentation of those changes and comparison with regimes, which were operated on 
individual units of the plants in the past. 

In the mean time, the Database represents system, which allows monitoring operational 
parameters and results of in-service inspections of tubes. Evaluation of correlation between 
bulk and local parameters and the tube damage is limited by the insufficient extent of 
operational values and not coincidence between in-service inspection intervals and water 
chemistry parameters, which must cover FW, BD and HOR data. For further studies, allowing 
setting of correlation between monitored parameters, it is be necessary to complete the 
Database with data allowing qualifying effect of other parameters (temperature drop, 
procedure of cooling down etc.). 

On the one hand it has been shown that it is very difficult to find suitable summary 
chemical parameter or parameters, which characterize the period between EC. This parameter 
must represent a sufficient number of chemistry data (high frequency of measurement), which 
is only for Na and cation conductivity (CC). Other the parameters (chloride, sulfate) are 
measured with lower frequency, mostly weekly and these values are too rare. On the other 
hand it seems likely that influence of chemistry on damage of tubes is relevant however not 
the only one effect. 
 
5. CONCLUSION 

The damage of tubes in SG is result of superposition not only chemical influence but also 
a level of stresses, influence of manufacturing, materials of tubes (i.e. heat), effects related to 
starting and shutdown, chemical cleaning and in generally unknown reasons. No simple 
chemical parameter for the correlation of the effect has been found yet. 

The statistical analysis of EC data gives reasonable prediction of HSG lifetime, more 
than 40 years. 
 
REFERENCES 

1. Staehle, R. W.  Bases for Predicting the Earliest Penetrations due to SCC for Alloy 600 on 
Secondary Side of PWR Steam Generators. ANL report. 2001. 

2. Brožová A., Burda J., Papp L.  Nature Of Tube Degradation In Horizontal Steam Generators. 
Proceedings of Int. Conf. Fontevraud V. (CD), 2002. 

 


