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ABSTRACT

The aim of this paper is to give a short overview of the iioise diagnostics system developed
by Hungarian firms which are in operation in WWER type NPP Units. Giving a list of
systems developed for noise diagnostics of WWER reactors we present their main
characteristics, their goal and some of their achievements. The second part deals with the
problem of acceptance of noise system by NPP and regulations.

INTRODUCTION

In spite the fact that fluctuation measurements in nuclear reactors has been started as
early as the nuclear age, since Feynman and Rossi had applied the noise methodology
named after them to measure important parameters of nuclear process from the very
beginning, noise diagnostics is still not a part of standard procedures for Nuclear Power
Plants. We believe that the delay was caused mainly by technical difficulties to get
reliable statistical parameters with early electronics. After the development of the past
twenty years in electronics and computation technique the fluctuation measurement
became a very effective tool to detect, monitor the malfunction of an industrial system or
to estimate some of its parameter. Today this method is one of the most rapidly
developing tools and more and more widely used for monitoring purposes, for early
failure detection, for enhance the reliability of the given system helping to maintenance
work, and to improve the safety via reliability of a Nuclear Power Plant [1]. The time has
come that noise diagnostics can became standardised procedure for nuclear power plants.

PERMANENT SYSTEMS DEVELOPED FOR NOISE DIAGNOSTICS OF WWER
PLANTS

Here we restrict ourselves to those permanent noise diagnostics systems which were
developed by Hungarian firms for WWER type NPP. It is well known, that Siemens also
has installed several systems on WWER plants and there are some system developments
in Slovakia [2], in Czech Republic [3] (we are trying to refer to publications which might
be easier to access and differs from [1] where appropriate). Also Russian firms has started
to develop different diagnostics systems. Perhaps the best know is the VDS produced by
TURBOTEST for turbine diagnostics [4], but Khurchatow institute has also installed an
experimental system for WWER type reactors in Kalinin NPP [5].

PDR This used to be the abbreviation for Paks Reactor Diagnostics measuring chains
when the first Unit was started in 1981. They contain amplifiers for noise measurement
using incore self powered neutron detectors, top-of-core thermocouples, some special
pressure fluctuation transducers and a specially designed set of amplifiers for excore
neutron detectors, which enabled us to attach noise system to safety related channels and
to make noise measurements on pulse mode signals. The first solution has proven its
ability, channels still work after 15 years. Their modification were used in later systems.
Today electronics allow to attach noise system directly to plant amplifiers (see ZOMBI),
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but the solution for excore detectors still unique for WWER reactors if one wishes to use
the safety channels.

ARGUS is a vibration monitoring system using accelerometers to monitor vibration
behaviour of the components of the primary and secondary loops of WWER type
reactors[61. In its first version there were simple measuring channels and a CAMAC
based system, later PC based sampling, data evaluating and processing system was also
included which contained also a really expert shell based expert system for turbine
diagnostics.

ALMOS is an Acoustic Leakage MQnitoring System, based on high frequency acoustic
transducers. Its data evaluation system based primary on rms level [7]. Later analysis
package was included to the system relying on rise time and frequency content and
arrival time of the signals.

PIS (Diagnostical Information System) can be broadly defined as an interactive
computer-based information system, which is used to facilitate the implementation of a
plant-wide failure monitoring and diagnostical system in large-scale systems [8]. It was
born to apply more and more sophisticated mathematics in reactor noise analysis and
interpretation. DIS includes BDIR94 data acquisition system as well as RTiME NEtData,
which is a diagnostical resource owning with full variety of contemporary tools for
diagnostics. One of the most important feature of RTiME is the non-parametric modelling
of the measured signals using Autoregression, Moving Average and other more
sophisticated models with built in probability analysis. It can automatically discard the
unreliably measurement giving the chance to the user to deal only with reliable
measurements. It works as a supervisor system for reactor noise and vibration
measurement at Unit 1 and 2 at Paks NPP.

CARD is a Computer Aided fieactor diagnostics system, which is capable to collect, to
process fluctuating parts of signals from the reactor [9], Its inputs accept signals from in-
core self powered neutron detectors, excore ionisation chambers, thermocouples, pressure
fluctuation transducers and some of the accelerometers mounted on reactor vessel and in
primary loops. System automatically estimates FFT spectra and MAR models, trends of
parameters. All those are compared with previous values. A physical model based expert
part helps to user to find occurrences like: core barrel motion, incore vibration, stability of
the feedback system, hot spots in the reactor. Signal validation and parameter estimation
(for example reactivity coefficient estimation, thermocouple time constant estimation)
complete the system.

HELPS is a Hungarian Expert Loose Part System [10]. It is completely model based.
Firsts a non-parametric modelling (using a combination of autoregressive modelling with
sequential probability ratio test) helps to find if there is any abnormal occurrences in the
system (in primary loops of NPP). All deviation from normal statistical behaviour can be
found even in that case when rms value does not changes at all. Then the found
occurrences are analysed using adaptive learning algorithm, which uses part rms, and
also an expert shall comparison of all moments and signatures from the operator room.
Finally this kind of analysis lead to more reliable loose part detection with less false
alarm rate.

ZOMBI is a system under installation which enables the CARD system to reach all in-
vessel signals in WWER reactor [11]. There are many in-vessel signals: 216
thermocouples and 288to336 incore neutron signals in WWER type of reactors. The
whole core diagnostics can be solved monitoring periodically those using the advanced
diagnostics methods.
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JEDI is a system under development, which partly based on CARD system. It also
includes new methods (like Kalman filtering techniques) and covers methodology for leak
detection and sensor validation as well [11]. It should be recognised that with growing
amount of information the man machine interface part of such half automated
diagnostics systems becomes very important.

In those systems which have actuators automatically driven by the system the
importance of the man machine interface maybe Ie89 important. None of the diagnostics
system has really actuators. Diagnostics it means to recognise the malfunction, to give
some information on that. It may give even hints, but usually decisions taken by experts.
Diagnosis it means always an early warning and early failure detection. The parameters
of the given system are still within the allowed limits (both from regulatory point of view
and from physical point of view). If they are out of range then the system must be halted.
When we speak about diagnostics the system is still running, but some tendencies in it
are going into the direction which can lead out from the allowed range. That also means
there are still time to take decision, there is no need to attach any automatic actuators to
the system.

Diagnostic system are not safety systems but systems to improve reliability of NPP hence
they assist to the safety. They are information systems which are safety related. How to
arrange the information? How to present it? How to drive the attention to the important
occurrences? How to ensure that the important part would not be hidden by numerous
miscellaneous effects? This is very important for such system.

A good man-machine interface can help very much in that. This is the final goal of the
development of the system of JEDI.

SOME IMPORTANT RESULTS ACHIEVED BY THOSE SYSTEMS

We do not promise here to give an exhausting list of event of all occurrences detected and
analysed by those systems listed above. Partly because they have been published earlier
(see references). We cannot avoid to mention some of them to convince the reader: these
systems have passed the period of basic development, they became commercial, they
became regular systems, they are reliable, one can trust them. If they show something
there is something to be investigated and solved in the given Unit. If they do not show
any deviance, the Unit works in normal condition. But the most valuable result from
these system still serves for maintenance work. They reduces the maintenance cost
preparing the maintenance period.

Core barrel motion is a real concern for WWER type pressurised water reactors. They
have four or six primary loops and their unbalance can be a cause for pendular
movement. But usually the size of such motion does not reaches dangerous value. The
failure of the core hold down springs can be a cause of a really dangerous pendular
motion of the core barrel having different constant of elasticity for different springs.
There are six such non-linear springs around the top of the core in the vessel. Very well
documented such dangerous core barrel motion has been reported from Nord NPP [12]. It
is well know there was similar problem in Khmelnitsky NPP and there are rumours from
other Russian WWER having such problems. Therefore we believe that having a core
barrel motion monitoring program in our CARD system it gives a very important tool for
the operators. The proven sensitivity of the method in the given realisation is 10 microns
(or better). Until now the maximum of the core barrel motion recorded in Paks NPP was
22 microns. It has been proved in Kalinin NPP when a measurement was carried out in
an unbalanced situation that the program really shows the unbalance [9]. Consequently
in spite the fact that there was no dangerous core barrel motion recorded during the total
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13 reactor years by CARD systems, operators were convinced that there was no such
danger in given Units.

leakage is another great concern of WWER reactors. They suffer in frequent leakages.
Such leakages were reported almost from each NPP having WWER. Perhaps the most
successful system to detect leaks in primary loops of WWER is the ALMOS system. An
advantage of that system is that it gives reliable result at the upper block of reactor
vessel, where control rod driving mechanism and top sealing of the reactor vessel takes
place where leakages are frequent. But it gave also good results on horizontally placed
steam generators even during installation of ALMOS at Kalinin NPP in an * .itomated
mode. We could also notice the insufficient repair of that leakage, though it was not very
easy to convince the maintenance personal about this fact [7]. Leakages at Paks NPP
were found: at the valve of volume compensator (pressuriser) in 1991, and a 0.2 kg/h leak
was monitored during the whole fuel campaign in 1993.

Perhaps the third most frequent malfunction in WWER reactor detectable by reactor
noise diagnostics is the incore vibrations. Such vibration has been observed especially in
WWER-440 type which have seven control assemblies consisting of a fuel assembly and a
follower on the top of each. The smallest vibration of the follower which is always inserted
into the core to certain level will results in detectable peaks in the spectra of nearby
incore neutron detectors. In the case of an excessively vibrating controller [13] even far
field neutron detectors can see such vibration, and this can be used for incore vibration
monitoring [cf. 14,15].

Vibration diagnostics of the main component of primary and secondary loops became
today well standardised field of noise diagnostics. One can find in international standards
(ISO) limits for malfunction of rotationally machinery or other type of equipment. The
knowledge based diagnostics for turbine of ARGUS system opens the possibility not only
detecting excess vibration but also it giving hints, what is the cause of the vibration.

Another group of the occurrences in which monitoring of fluctuation can help is the
malfunction of the sensors or simple the sensor degradation. This is also a very important
field of noise diagnostics since it can predict the malfunction of the sensors and in this
way it can help tremendously to maintenance work. Especially valuable are the results of
such system when preparing the maintenance during the refuelling period. There are
more then 500 in-vessel thermocouples and neutron detectors in WWER reactors, which
can be exchange only during refuelling period. In the same time regulation does not allow
to work with the Unit if more then 10% of those sensors has a failure. CARD, ZOMBI,
JEDI, ALMOS, ARGUS all use algorithm to find defective sensors or measuring channels.
Since CARD and JEDI works with standard instrumentation of NPP they are extremely
useful for maintenance work.

Finally, parameter estimation is a developing field of noise measurements. A good
example for that is the estimation of reactivity coefficient which is one of the most
important safety parameters of all reactors. Noise measurements enable to follow the
changes of this parameter without interfering to normal work of NPP and on-line [16].
Incore coolant velocities and hot spot can be estimated using transport effects measured
by CARD as well. Another example for parameter estimation is the decay constant
estimation which characterises the feedback loops in the given system, thus it gives hints
on stability of the system. In fact this has more practical importance for boiling water
reactors and a special stability measuring devices has been developed by Swedish
researchers [17]. A good example was reported from Germany how to use this
methodology in PWR reactors [18]. CARD system has also decay ratio monitoring
capability and it has proved its ability to notice abnormal behaviour due to closed main
valves, which are characterising again only in WWER reactors [9].
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THE RELATION OF NOISE SYSTEMS TO REGULATIONS

In the previous section we listed some successful applications of noise diagnostics in
different NPPs. In spite the fact that there has been numerous successful detection by
those permanent system still nuclear power stations tend to neglect these results.

Here follows a story of an early case of a core barrel motion detected in Rheinsberg NPP.
During an international measurement exercise which was aimed to detect reduced flow
rate in an experimental fuel assembly, excore neutron detector signals were also
recorded. They were elaborated routinely with the standard methodology which included
also core barrel monitoring. A typical core barrel motion characteristics was found and
connected to the spectra of a main coolant pump as the origin of the motion. It was
published in an IAEA seminar [19]. It is typical that the power plant management was
not happy at all with that situation. It turned out that German colleagues has noticed
earlier that movement. They also made much more recordings on pump vibration and the
pump malfunction has been repaired even earlier then the inadversively published paper
of the author appeared. But they were not allowed to publish these results [20]. One could
say this happened in former GDR before the changes. But author has similar experience
in more developed countries and at home as well. The management of the NPP is never
interested in publication of such results. Even if they accept that the warning was coming
from noise diagnostics they consider that as their know how. It is even more typical that
the know how does not contains information on the fact that warning was coming from
noise diagnostics.

Typically noise diagnostics gives only hints that there are some malfunction in the system
and it is coming from some place. Using this hints it is advisable to go there and to test
the given equipment with standardised procedure. If it also shows malfunction then
according to regulation it has to be recorded. (If it does not then typically the case is
dropped, no records preserved). Regulation describes usually also how to make records,
what indications of the standardised procedure should be recorded. Usually it does not
contain that initiating information had been coming from noise diagnostics. Typically,
record contains an information that parameters prescribed by standardised procedure has
been measured at the given date and they exceeded (or not) the allowable limits.
Sometime even the management of the NPP does not know that the indication was
coming from noise diagnostics. Maintenance people owning with standardised procedure
are interested to hide the fact that hint was coming from diagnostics. It might seem that
they did not applied the standardised procedure in due time that is their failure.

We wasted quite a space to demonstrate what was (is) happening in nuclear power plant
with information coming from diagnostics. This is typical everywhere. The only way out
of this situation could be if the nuclear regulations consider the diagnostics as compulsory
or at least strongly advisable. It could help a lot if such recommendation would be
elaborated and recommended by IAEA. It is an experience also that recommendations of
IAEA found their way to the national nuclear regulations.

Happily in the past few tears an intensive growth on the number of standards can be
observed in this field and it was also announced that an European standard is under
development. At the end of the reference list we gave some of them [21, 22,23,24].

To make a recommendation we need to collect those occurrences in nuclear power plants
which has been detected, localised and explained using noise diagnostics. We have to
show the reliability, usefulness and applicability of those methods. We have to find the
warning and alarm limits for such occurrences as: core barrel motion, incore vibration,
hot spot detection, etc. Finally an international team should elaborate recommendation
on noise diagnostics fro different type of nuclear reactors.
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CONCLUSIONS

A full set of noise diagnostics system has been developed during the past 15 year for
WWER reactors. They have been proved their ability for early detection the malfunction
of the system, to give early warning of sensor degradation, to estimate some parameters
which have importance fro safety of the reactor, without interfering the work of the given
Unit.

In the same time regulations neglect these results. Except of loose part monitoring, which
is strongly advised in US an in some European countries , application of noise diagnostics
is not mentioned in official material, regulation of NPPs. For WWER reactors there exists
a written directive (Ukazanie) from the general constructor since 1988 in which he
suggest to use the diagnostics in WWER rectors, but it has never been really included
into existing regulation of countries having such reactors.

We believe that results of noise diagnostics are convincing. Permanent system and
analysis of some cases has proved the power of such methodology. It is time to collect all
knowledge in this field in the frame of an international co-operation and to elaborate
them concluding in suggestion for introducing noise diagnostics as compulsory tool in
regulations in countries having nuclear power plants.
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