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ABSTRACT 

The paper reports on the actual step in upgrading process of the reactor noise diagnostic 
systems at Paks NPP. This step has mainly a technical character. Renewal of facilities for 
signal conditioning and for data acquisition is going on. Autonomous systems at each of the 
four reactor units will be able to acquire a set of data series which can be arbitrarily chosen 
from the whole set of several hundred in-core neutron and other signals. The autonomous 
systems can be remotely controlled by a central computer through the local network. 
Modularity and extensibility are important features of the new systems: the size of the set of 
available signals can be extended and new modules for more advanced evaluations can be 
installed later. 

Present plans for system hardware upgrading are outlined, together with some technical 
details of measurement control, data acquisition moduls and network communication. 

1 INTRODUCTION 

Reactor noise diagnostic systems were developed and installed traditionally by our 
institute and its predecessor CRIP (KFKI), respectively, at the Paks NPP. This activity was 
carried out step by step and grade of the systems became higher and higher. Nevertheless, 
upgrading these systems is also actual nowadays. 

Demand for upgrading the reactor noise diagnostic systems comes from the conflict 
between the expectations being aimed at these systems and the possibilities being ensured by 
these systems. 

From the side of the expectations the continuous availability seems to be the most 
important characteristic. From another point of view it is important to operate easily the 
systems. There is a further expectation, the systems have to have an inherent possibility to 
complete the number of the measured signals and of the evaluating procedures. We have to 
state that the systems don't live up to these expectations. In order to prove this statement, 
present-day condition of reactor noise diagnostic systems is surveyed as follows. 

2 SHORT HISTORY AND PRESENT STATE OF THE REACTOR NOISE 
DIAGNOSTIC SYSTEMS 

The first generation of the reactor noise diagnostic systems were developed already in 
the period of commissioning the reactor units. One system of the first generation was 
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installed to each unit. The systems consisted of a few measuring, i.e. signal conditioning 
channels connected to detectors of some in-core SPND assemblies, thermocouples, out-of-
core ion-chambers and pressure transducers. But for the pressure transducers, the sensors 
were the regular ones of the safety and control and the core monitoring instrumentation. The 
coupling was isolated, the preamplifiers were remotely controlled. The signals could be 
measured in two separate rooms. One room was intended for Units Nos. 1 and 2, and another 
for Units Nos. 3 and 4. For lack of  adequate data acquisition facility, the signals were 
recorded by means of a multichannel analogue tape recorder. Data acquisition and evaluation 
were performed in our institute. 

 For the next step a data acquisition and evaluation system was developed. This system 
offered automatic mode for operation too. Two specimens of this system were installed at the 
Units Nos. 3 and 4, respectively, and connected steadily to the measuring channels of the old 
diagnostic systems. This new possibility gave a short period for easy and effective diagnostic 
measurements. Results given by these combined systems, proved the capabilities of the 
systems but degree of the detected phenomena did not reach the level arousing a real interest 
of the plant staff. There were two objective motives to stop these measurements. At first, it 
arose a favourable possibility to connect all in-core signals for diagnostic purposes, (see 
below). Secondly, by upgrading the safety and control systems of the reactor units, ion 
chambers got gradually – maybe not definitively – lost for reactor diagnostics. 

After the beginning of nineties, it was a good possibility to make use of all in-core 
signals for noise diagnostics, as a consequence of upgrading the core monitoring system 
VERONA. From that time all in-core signals have been pre-amplified and offered through 
independent outputs for noise diagnostics by the signal handling system of VERONA at each 
unit. We have developed a PC-controlled system for free selection and conditioning of a 
group from all in-core signals and such a system was installed at each unit. Signals are sent to 
the two measuring rooms, as in the case of the old systems. Planned systems for data 
acquisition and evaluation have not been developed, thus the signals are measured by the 
CARD systems. For this purpose one of the CARD systems is moved to the measuring room 
of the Units Nos. 1 and 2. As a result of this solution, it is possible to perform diagnostic 
measurements at all four units. But the CARD system can evaluate only the signals of the old 
signal handling systems. Thus evaluation take place again in our institute, but data transport 
is more up-to-date. There is an other difficulty, i.e. the CARD system was developed for 
fixed connections, and in this situation it has to be re-cabled and SW-reconfigured the CARD 
system between the measurements at two reactor units. 

The conclusion of this survey is that the expectations defined in the Introduction aren't 
granted. The systems are aged, they need continuous servicing. Till now we have succeeded 
in keeping the working condition of the systems, but we have no evidence for same condition 
for the future. As for the conditions of an easy operation, such conditions were ensured only 
for few years. The process of measurement, data handling and evaluation is again just as 
difficult as at the beginning. After all the two working generation of the systems don't agree, 
and it isn't worth the trouble  to upgrade one of them. 

3 MOTIVATIONS OF A TOTAL UPGRADING  

The conclusion at the end of the previous section means that from technical point of 
view not any part of the present reactor noise diagnostic systems can be used in the future. 
Completely new systems have to be developed and installed. In this case one have to consider 
the question: whether can we expect such precious results from the new systems which will 
in direct ratio to the costs and efforts. Since 1997 people of the Paks NPP have experienced 
that information given by the reactor noise diagnostics might be valuable. In that year a core 
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asymmetry was observed at the Unit 2, and reactor noise diagnostics was able to give an 
essential contribution to make clear all details [1]. After this first occurrence there were 
similar events from time to time at different reactor units. And reactor noise diagnostics 
ensured a good monitoring of these events. Nowadays the plant staff takes an immediate 
interest in results of the regular reactor noise diagnostic measurements mainly in results of 
the coolant velocity measurements in the reactor core. 

There are, of course, other maybe more important considerations which established a 
decision to start  upgrading not only the reactor noise diagnostic systems but also other 
diagnostic and surveillance systems. In few words aging of the parts of reactor units, plans 
for plant lifetime extension and power uprating are referred in this decision. In connection 
with these circumstances the reactor noise diagnostic systems have to be capable also to 
monitor the control rod vibration, core barrel motion etc. 

4 ESSENTIAL PRINCIPLES FOR UPGRADING 

Essential principles for upgrading the reactor noise diagnostic systems can be derived 
from two sources. One of these sources is the totality of our experiences discussed in Section 
2. For the second source the knowledge on the new possibilities in the measuring technique 
and in the computation technique is chosen. 

4.1 A unified, but distributed system 

We don’t plan different systems working together, we plan a unified system but this 
system will be a distributed to five – or more – places. The architecture of the whole system 
can be seen on the Fig. 1.  

 
 

Figure 1: Planned architecture of the reactor noise diagnostic system 

There will four autonomous measuring facilities at the four reactor units. Each of them 
consists of signal conditioning moduls, fast multiplexer moduls and a PC with fast A/D 
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converter modules supplied with the capability to control the fast multiplexers. PC-s can 
perform also some evaluation procedures and they are connected to the plant technological 
communication network. There is a fifth PC anywhere in the power plant but with the 
possibility to be connected to the network too. By means of this fifth PC all diagnostic 
procedures can be initiated, all measured, evaluated and also archive data can be reached. Not 
shown in the Fig. 1. other working stations being connected to the network will be able to get 
diagnostic data depending on its authority. 

4.2 Simultaneous acquisition of all signals 

It is our traditional principle to reach all signals by softwer during a series of 
measurements. Former solution was a pair of a PC-controlled matrix-multiplexer, and an A/D 
(analogue-to-digital) converter with fast multiplexer of a few channels. (CARD system, 
mentioned in Section 2, was able to digitize all channels of the first generation systems, but 
this means only 64 channels as maximum.) 

According to the planned solution a pair of very fast A/D converters will digitize the 
signals. Fast multiplexers modules will switch the signals to the converters. As a consequence 
of this solution, all signals have to be conditioned parallel. We think that this solution has 
several advantages: 
- To plan a series of measurements in our planned system is much more easier. Always 
all signals are measured, data can be selected for the evaluation only. 
- A whole series of evaluation can be carried out on simultaneous data. 
- A new evaluation procedure can be carried out also on the longstanding data. 

4.3 Avoiding the application of �home-made� electronic devices  

This principle had a great role when started to plan this new system. Our starting point 
was to search for modules, devices from famous reliable firms to solve our technical tasks. 
Finally we had to give up this principle to a certain extent. It was impossible to find a signal 
conditioning modul at a roughly acceptable price. The reason lies in the special requirements 
of the reactor noise diagnostics. The frequency-range of diagnostic information is a very 
uncommon one. Only very expensive moduls for one or two channels are able to handle 
signals at these frequencies as the final end of their working range. Taking into account that 
the task is not too difficult and – it is very important – the channels work independently from 
each-other, we searched for a reliable but non-famous firm to manufacture these modules. 

4.4 Handling the problems of the data collection and the evaluation together 

We have been making an effort to keep this principle as possible. The basic plans 
contain both the data collection and the evaluation, but during the installation the evaluation 
tasks will be at disadvantage. Among others this situation is caused by economic reasons. 

5 DETAILS OF REALIZATON OF THE NEW SYSTEM 

In this section we deal with the realization of the data acquisition facility of the reactor 
noise diagnostic system. As a matter of fact this facility can be split in three parts. A set of 
signal conditioning modules, another set of the fast multiplexer modules and finally two A/D 
converter modules. It is mainly the part “VERONA noise diagnostic interface” on the Fig.1. 
The signal conditioning moduls and the fast multiplexer modules, together with the PC and 
its peripherals (monitor and keyboard) will be placed in two high cabinet next to the cabinets 
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of the VERONA core monitoring system. In two subsection below the solution of signal 
conditioning and solution of the sampling is outlined. 

5.1 Signal conditioning  

It is a customary task the conditioning of the signals before sampling. Details of a 
channel of the signal conditioning moduls are drawn on the Fig. 2. The total amplification 
factor of the AC signals is from 256 to 4096, but input amplifier can multiply this factor if its 
factor is set from 1 to 16. The reason of the gradual amplification of the AC signal is 
constructed because all of the important low frequencies and the 50Hz and the high 
frequencies are also damped gradually. The low-pass filters are fitted to the steady 100 Hz 
frequency of the sampling of the AC signals, and to the steady 1 Hz frequency of storing rate 
of the DC signals, respectively. 
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Figure 2: Functional scheme of a signal conditioning channel 

5.2 Sampling procedure 

There is a special solution for the simultaneous digitization of the diagnostic signals in 
the planned system. DC and AC signals which were separated in the signal conditioning 
modules, are sampled together. It is easier to throw 99 data from 100 sampled one, than to 
organize a different sampling rate for DC signals. The scheme of the two sampling 
assemblies of the planned system are shown on the Fig. 3. These two assemblies work 
parallel. 

Signal conditioning modules are also involved in the scheme. One A/D converter 
modul and 11 fast multiplexer modules compose a 352 channel sampling device. The number 
of channels can be increased to 512. The maximal sampling rate of the A/D module is high 
enough to more signals. But simultaneously to the sampling series a fast setting amplifier in 
the A/D modul can correct the amplification of the signals according to a programmable set 
of stored factors for each signal, and the capacity of the store is only for 512 factors. 

It has to be mentioned that because all input signals are split to two components, finally 
the system is planned to install for 352 diagnostic signals and the system can be enlarged to 
512 diagnostic signals. 
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Figure 3: Scheme of the data acquisition assemblies 

5.3 Signals connected to the planned system 

The above-mentiond 352 channels will receive the signals of sensors as follows: 
- 288 pieces of SPND-s, (all signals of the 36 bundles); 
- 1 artificial signal for a reference channel; 
- 31 pieces of thermocouples (chose from 228); 
- 32 channels as reserves. 

5.4 Built-in possibilities to monitor and to check the system 

There will be several method performed by delicate software means. But herewith we 
deal with two hardware related facilities. One of them is the reference channel, with reference 
signal. This signal is DC-signal, preferably not at a level of the DC components of the 
diagnostic signals. This signal can monitor the confused channels and the deterioration of 
channel-noise.  The other is a test signal. There is a relay at the inputs of all signal 
conditioning units. By operating relays, instead of diagnostic signals a test signal can be led 
to the channels. 
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