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ABSTRACT 

NPP Krško has a few years ago initiated the neutron noise monitoring program in which 

some measurements of the nuclear instrumentation signals (in-core and ex-core detectors 

signals) are executed during the operational cycle. In this paper re-evaluation of the 

measurement data is presented, that was performed to help in the ongoing development 

process to establish more efficient measurement procedure. Some characteristic vibrational 

frequencies of 7.3 Hz, 15.5 Hz, 22.6 Hz, 37.2 Hz, 46.3 Hz and 48.2 Hz were observed with 

the ex-core system. Although in-core detector measurements exhibit some lack of 

consistency, it should be mentioned that peaks at 9.3 Hz, 16.7 Hz and 19.4 Hz were observed 

in some measurements. It is recommended that the measurement time interval is prolonged, 

especially if low frequencies below 10 Hz are found to be important. 

1 INTRODUCTION 

Noise analysis is a tool for extracting reactor system dynamic information from 

fluctuations of instrumentation signals. These fluctuations are the result of randomness 

inherent in physical processes (such as coolant flow, turbulence, fission process statistics, heat 

transfer, etc.) or the dynamic responses of the systems they excite (structural vibrations, 

hydrodynamic oscillations, and reactor kinetics). Specifically, due to the construction of a 

PWR and its core, flow-induced mechanical vibrations can occur, which most likely lead to 

vibrations of other core internals. Those vibrations are usually difficult to detect and are 

mostly of minor importance for the reactor operation. However, noise diagnostics can be used 

to detect them and hence makes it possible to find normal, i.e. harmless vibrations, and also 

probable unwanted, anomalous vibrations. As plants age, the probability of reactor 

components failure increases. An operational utility noise program can help to successfully 

diagnose unwanted events in initial stage [1].  

NPP Krško initiated the neutron noise monitoring program in which several 

measurements of the nuclear instrumentation signals (in-core and ex-core detectors signals) 

are performed during the operational fuel cycle. With the help of noise diagnostic methods, 

the vibrational frequencies of the reactor internals and fuel components are determined. 

Comparison of frequency spectrum from periodic measurements can identify anomalous 



1010.2 

Proceedings of the International Conference Nuclear Energy for New Europe, Portorož, Slovenia, September 8  ̶  11, 2014 

vibrations potentially indicating unwanted changes in the reactor. Recently, measurements 

data have been re-evaluated in order to develop more efficient measurement procedure. 

2 DATA AQUSITION AND EVALUATION 

NPP Krško has performed several noise monitoring measurements at reactor full power: 

1. Cycle 24 at 20480 MWd/tU, 

2. Cycle 25 at 7150 MWd/tU, 

3. Cycle 25 at 10920 MWd/tU, 

4. Cycle 26 at 6730 MWd/tU, 

5. Cycle 27 at 2610 MWd/tU. 

In all measurements signals from the 4 in-core neutron detectors, 8 ex-core power range 

detectors and resistance temperature detectors (RTDs) from both inlet and outlet primary 

loops were taken. Fine time scale of 0.0001 s was respected, although for the frequency range 

of interest (0-50 Hz) such fine discretization is not needed. In Figure 1 schematic presentation 

of the plant core is given. Locations of four pairs of power detectors (N41-N44), both loops 

(L1 and L2) input and output, representative core positions of in-core detectors (A, B, C and 

D) and four quadrant marks (Q1 - Q4) are visible. In each measurement campaign data were 

taken from in-core detectors at several radial and axial positions. Simultaneously, 

measurements with ex-core system and RTDs were carried out covering the same time 

interval. Each measurement lasted few minutes respecting the operational constraints of the 

in-core measurement system.  

 

Figure 1: NPP Krško core 
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The raw measurement data contain the noise of the system, i.e. a superposition of 

random processes of different character. In order to obtain information on the noise 

component of interest, one has to perform spectral analysis that is to describe the distribution 

over frequency of the power contained in a signal. The power spectral density (PSD) was 

estimated with Welch’s method. The signal is divided into several sections of equal length 

and the computed periodograms (fast Fourier transform) are averaged. Each section is 

windowed with a Hamming window. In this analysis 50 % overlap of the sections is used. 

3 RESULTS AND DISCUSSION 

3.1 Ex-core power range detectors 

Since it is assumed that the reactor conditions don’t change significantly during the 

measurements, it is prudent to unite all ex-core measurements in one campaign together. In 

that way obtained PSD function is smoother. Spectral densities for all measurements are 

presented in Figures 2-6. Power range detectors are divided into the upper (NM301) and 

lower (NM302) part. All figures are very similar indicating no large changes in the pressure 

vessel, core barrel or other internal structures over the cycles. In all figures sharp peaks at 25 

Hz and 50 Hz are visible. These peaks are result of the primary pumps operation. Peak at 50 

Hz could be also intensified by the contamination of the signal from the outer 50 Hz power 

supply of the measurement system. In any case these frequencies are not interesting for our 

purpose and can be neglected. 

Most prominent peaks lie at 7.3 Hz, 15.5 Hz, 22.6 Hz, 37.2 Hz, 46.3 Hz and 48.2 Hz. 

There appear to be also some smaller peaks of which perhaps one with the lowest frequency 

near 3 Hz should be mentioned. Information available is not sufficient to accurately 

distinguish between beam and shell type of barrel or thermal shield vibrations. However, it 

seems that general classification presented in [2] can be applied. An interesting observation 

regarding low frequency oscillations below 10 Hz can be made. In cycles 24 and 25 

oscillations in the Q3 quadrant (PR44) were the lowest. In cycles 26 and 27 oscillation level in 

this quadrant has increased. This might be a consequence of the primary loop 1 pump 

refurbishment, which was accomplished in the outage between cycles 25 and 26. We can 

conclude that measurements in the total duration of at least 30 min are sufficient for the 

analysis of oscillations in the range of 10-50 Hz. It seems that for accurate detection of slower 

vibrations longer measurement times are needed. 
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Figure 2: Power spectral density of ex-core measurements, cycle 24, 20480 MWd/tU 

 

 

 

Figure 3: Power spectral density of ex-core measurements, cycle 25, 7150 MWd/tU 
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Figure 4: Power spectral density of ex-core measurements, cycle 25, 10920 MWd/tU 

 

Figure 5: Power spectral density of ex-core measurements, cycle 26, 6730 MWd/tU 
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Figure 6: Power spectral density of ex-core measurements, cycle 27, 2610 MWd/tU 

 

3.2 Primary loops temperature measurements 

Measurements of the temperatures in the primary loops were also united as in the ex-

core case. Spectral densities are presented in Figures 7 and 8. TY410 and TY430 are RTDs in 

the loop 1, while TY420 and TY440 measure temperature in the loop 2. Hot legs detectors are 

designated with the letter A, while B is used for both cold legs. Power spectrum is much 

smoother than in the ex-core detectors case. This is understandable, since it is not expected to 

see influence of the vibrations on the primary water mixing. We can observe 50 Hz peak, 

which is caused by the signal contamination with the external electricity power. Peak is more 

pronounced in the cycle 26 than in the cycle 25. Oscillations in hot legs are stronger than in 

the cold ones, since the water in the outlet loops is still not completely mixed. 

 

Figure 7: Power spectral density of primary loops temperatures, cycle 25, 10920 MWd/tU 
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Figure 8: Power spectral density of primary loops temperatures, cycle 26, 6730 MWd/tU 

3.3 In-core measurements 

In-core measurements are taken from 4 fission detectors, which are placed into desired 

assembly at needed axial position. All 4 measurements are recorded simultaneously. Time 

interval is in the range 2 - 10 minutes. It should be mentioned that existing measurement 

system was not designed for such long measurements. In regular measurements, where the 

core neutron flux distribution is determined, detectors travel through the guide thimbles and 

are not stopped in high flux regions. Therefore, several existing restrictions had to be 

respected imposing limitations on performed measurements. Evaluation of recorded signals 

has revealed some inconsistencies. Spectral densities of the measurements taken at the same 

spot (within the accuracy of the positioning system) in the reactor, but with a different 

detector, are presented in Figures 9-10. The first measurement is taken near the assembly top 

(between grids 7 and 8), while the second was recorded in the same assembly centre (between 

grids 4 and 5).  In the first measurement only detector A detected some oscillation peaks, 

while detector C shows some peaks in the second. Both measurements show inconsistent 

results. It seems that the duration of measurements is not sufficient. There might be also some 

impact of the detector system on the measurement itself. In addition, one should be aware that 

typical assembly oscillations start from 1 Hz [2]. If such low frequency vibrations are to be 

examined, better frequency resolution is required, which is possible only by considerably 

longer recording times. It is interesting that the same peaks at 9.3 Hz, 16.7 Hz and 19.4 Hz 

were observed also on some other locations (Figure 11). These frequencies don’t correspond 

to the peaks detected with ex-core system, but might be important from the fuel assemblies 

point of view.   
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Figure 9: Power spectral density of in-core measurements in the assembly at H-08, top of the 

active fuel (between grids 7 and 8), cycle 26, 6730 MWd/tU 

 

 

Figure 10: Power spectral density of in-core measurements in the assembly at H-08, centre of 

the active fuel (between grids 4 and 5), cycle 26, 6730 MWd/tU 
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Figure 11: Power spectral density of in-core measurements at several assemblies, lower part 

of the active fuel (between grids 1 and 2), cycle 26, 6730 MWd/tU  

4 CONCLUSION 

Measurements from the NPP Krško ongoing neutron noise monitoring program have 

been re-evaluated. Ex-core measurements indicated some vibrational peaks at 7.3 Hz, 15.5 

Hz, 22.6 Hz, 37.2 Hz, 46.3 Hz and 48.2 Hz. Comparison of plots from cycle 24 - 27 has not 

revealed any significant differences, showing no changes in pressure vessel, barrel or other 

internals structural integrity. For more accurate determination of power density behaviour 

bellow 10 Hz duration of the measurements should be increased to several hours. Evaluation 

of temperatures showed no particular anomalies. These measurements could be used also to 

determine coolant lag in the hot loops, which will be done in the future. In-core measurements 

show some inconsistencies.  Peaks at 9.3 Hz, 16.7 Hz and 19.4 Hz were observed, which do 

not correspond to the peaks detected with ex-core system. For more reliable results 

measurement durations should be increased, especially if low frequency fuel assembly 

vibrations are of the interest.  
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