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ABSTRACT

The importance of loose part detection is discussed. The consequences of a relatively
big (7.7 kg) loose part found in a WWER-440 NPP are discussed. A portable loose part
monitoring system is presented, which is based on sequential probability ratio test.

1 THE IMPORTANCE OF LOOSE PART DETECTION

One of the major concerns during the operation of any pressurised water reactor is the
possible presence of loose parts. They can contact the walls causing mechanical and material
damages which is extremely dangerous for steam generators and for the fuel pins. Loose parts
drifted with the stream of water can be broken into small pieces therefore they can also reach
the reactor core and block the coolant channels. The latter can lead to overheating of the fuel
elements. The most common consequence of loose parts is the wear of the material. Steam
generator tubes can also be broken or blocked.

It is well known that loose parts have been found and sometimes reported in many
nuclear power plants. Details are usually only partially published. Nevertheless one can judge
on the importance of loose part detection based on the French experience where the
cumulative total expenses and estimated benefits for 45 PWRs during ten years shows a
benefit-cost ratio of about two to one (150 MFF)[1]. In the United States application of loose
part detection systems is compulsory during the start up process as stated in U.S. NRC
Regulatory Guide 1.133 and in Part 12 of the ASME/ANSI Operations and Maintenance
Standard. In Europe the requirements of loose part testing are collected in the IEC-988
Standard. Our system complies with those requirements.
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2 TASK OF LOOSE PART SYSTEMS AND THEIR DRAWBACKS

Recently installed loose part monitoring systems are similar in design (since the most
important design criteria are fixed in IEC-988). The inspected signals (typically 3-6 sensors
per loop) arrive to a central data acquisition unit and are processed by an electronic logical
unit to select suspicious signals. This selection can use a simple windowing method in a
simple system or a short-time root-mean-square (RMS) or floating RMS method in the more
sophisticated systems. The suspicious signals are first archived using an analogue transient
recorder then the sampled signal may be processed by an expert system.

The task of such an expert system is to analyse the selected event in details. The aim of
the analysis is to receive answers to the following questions:
� Was the alarm caused by a loose part?
� - If not, what was the possible cause? Is it similar to previously 

experienced events?
� - If it is a loose part:
� - what is the location (where should the primary loop be opened)?
� - is it dangerous (is it necessary to stop the plant immediately)?

As far as deciding whether the alarm was raised by a loose part or not the current
system should give a relatively reliable answer using classification algorithms based on the
statistical properties of the stored reference signals. The impact location and the estimation of
danger level is not that simple at all, but in general it can be stated that if the loose part
detection system has been trained carefully during the installation period, then these questions
can be reliably answered.

One of the problems of the contemporary loose part detection systems is they require a
relatively long teaching period of its artificial intelligent system, after which they can only
work reliably in the given configuration (meaning detector arrays, amplifications,...) that were
originally installed.

However, the biggest problem of earlier system was the high false alarm rate. Setting
high sensitivity of individual measuring channels the false alarm rate was rather frequent. It is
even more complicated if there is a high noise level due to normal operational noise, which is
always present in heavily loaded nuclear energy production systems. Therefore it was
inevitable to introduce noise reduction methods and a selection routine of real events.

3 NEW METHODS TO IMPROVE THE SENSITIVITY AND TO ELIMINATE
FALSE ALARMS

Our system improves the signal to noise ratio by using a built-in pre-whitening method.
It is based on univariate autoregressive modelling of the system and is capable not only to
decrease the unwanted background noise level but also to eliminate (quasi)periodical noise
components which are always present at nuclear power plant environments and hinder to set a
low alarm level for loose parts[2]. As a second step in improving the performance, in order to
establish a low missed alarm rate, we use the sequential probability ratio testing method in
real-time synchronised with the sampling[2]. This allowed us to reduce the missed alarm rate
below 1%. On the other hand it is also very disturbing to have false alarms in a nuclear power
plant, which use to be a common problem of earlier systems. The applied software allows to
reduce the false alarm rate below 1% in the detection process. This very low false alarm rate
can be further decreased using the classification software tool[3]. After a proper installation,
this classification module can distinguish between the most frequent events in the primary
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loop that generate acoustic effects (e.g. motion of control elements, starting up the feed-water
pumps). After learning these effects our system can separate them from real loose part
incidents using their different statistical properties. In this way the number of the false alarms
can be reduced even further[4].

4 ADVANTAGES OF A PORTABLE SYSTEM

Experiences in nuclear power stations show that existing loose part monitoring systems
provide valuable information mainly during the start-up period (and in the following 1-2
months). After that period the possible loose parts (forgotten objects) either have drifted to
some traps where they rest or get stuck in structural elements, or they break into small pieces.
In either way there is no much loose part activity after a couple of months of operation. For
this reason in most of the power plants the loose part monitoring systems are switched off
during normal operation.

One of the economical benefits to have a portable system is that it could serve more
than for one Unit at the same nuclear power plant, moving it from one to another for the next
start-up. But there are other advantages of a portable system. During normal monitoring the
main issue is to cover the entire primary loop in order to find loose parts in any possible loops
and locations. When a loose part is found in one loop, it is more desirable to connect the
sensors of the same loop where the event was found - this can give an optimal performance
both for source location and loose part mass estimation. Our portable system (in contrast with
the traditional systems) can provide both configurations with very quick switching time
between them.

Dots Dots

Dots Dots

Figure 1. Identified abnormal occurrences (marked by dots) are parts of a burst of
common origin



Gabor Por page 4 of 7
ADVANCED LOOSE PARTS DETECTION SYSTEM FOR NUCLEAR POWER PLANTS

Proceedings of the International Conference Nuclear Energy in Central Europe, Bled, Slovenia, Sept. 11-14, 2000

5 OUR SYSTEM

We introduce a loose part detection system which is easy to attach to existing vibration
measuring assemblies in nuclear power plants. It is rather simply to reinstall the system for
another Unit of similar type. It excludes automatically non-loose part effects like the motion
of control rods. It also can give hints on the size of the object. We are ready to make
measurements during the start-up of any Unit to detect if there were any forgotten objects in
the primary loops.

The loose part monitoring system provided by us has all the advantages listed in the
previous section and it can operate with multiple detector configurations. It is rather easy to
change between these configurations. Moreover, it is also rather easy to move the system to
another Unit and to train the artificial intelligent part to a new configuration.

The best proof for these statements comes from the experiences with the HELPS
system[3,5], which is the predecessor of our loose part monitoring system. That system was
originally designed for and installed in the Unit 3 of Paks NPP and on request of the power
station we could remove and reinstall it to Unit2  within a couple of hours including the
impact measurements aimed to collect unit-specific reference data. During the impact
measurements a couple of minutes were enough to completely change the detector
configuration[5].

Since the hardware of our new system consists of only a notebook PC, a PCMCIA
sampling card and an external signal connecting unit, its even more portable than any other
system before.

The novelty of our system lies not only in its portability and flexibility but also in the
very sophisticated mathematical methods applied in it. The experience we gained during the
years of developing similar systems made it possible to integrate procedures that not only
increased the sensitivity of the system but also filtered out false alarms much more reliably
than any other similar product.

Our system conforms to all requirements of the quality assurance (ISO-9001) and also it
is in agreement with the international standards (IEC-988, NUREG 1.133, ISO 7626-5, DIN
25475). We can issue a quality assured certificate on the presence of  loose parts during the
start-up of a PWR Unit.

Great advantage of our system is that it does not necessarily require the installation of
new sensors because it can use the vibrodiagnostic sensors already existing on the primary
loops.

This portable system can be used in several different ways. It can serve as a quality
assured monitoring system supervising the start-ups of a Unit and the next 1-2 months then it
can be moved to the monitor the start-up of  next Unit. In case the nuclear power plant has an
already installed loose part monitoring systems it can serve as an additional tool providing
more flexibility in the detailed analysis of the primary loop components with suspected loose
parts. It was also shown that the given portable system can be used to monitor other impacts
having acoustic noises for example in  feed-water systems as well.
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Figure 2. Detector arrangement in a WWER-440 NPP

      
Figure 3. Imitated loose part detected near to 1stchannel, far from the 8th channel,
and some time delays can be seen for the other channels (calibration procedure)

6 SAFETY ASPECTS OF LOOSE PARTS FOUND IN PRIMARY CIRCUITS AND
IN THE CORE

Loose parts (forgotten objects) found in WWER reactor has been addressed as not too
dangerous from a direct safety point of view for WWER. Recently a rather large (about 8 kg)
object has been forgotten in the steam generator of one of the WWER-440 Units. This steel
plate was broken into small pieces during a year of operation impacting on the wall of the
collector of the steam generator. The surface of the collector was just a little damaged. Tube
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inlets were noticed to be worn. Some small pieces from that steel object were stuck in the
tubes of the relevant steam generator. This lead to a tremendous work during maintenance
period at the end of the fuel campaign. The cost of this maintenance work was rather huge and
it caused also a delay in restarting the Unit. Nevertheless, these are minor consequences from
the point of view of safety of the nuclear installation. From the fact that no serious material
damage was found either in the main coolant pump or on main closing valves, we can
conclude that the main components of a WWER reactor are well planned and they have rather
good material from the point of view of loose parts.

However, small fragments of forgotten object have been found in the reactor core and
on the top of the reactor core. Small broken pieces had been swept away toward the reactor
vessel. Since it was difficult to wash them out due to high radiation, several fuel assemblies
were removed from the core. No direct damage of fuel pins (cladding) was observed. This
was indicating that even the cladding of fuel pins are more or less resistant to damages caused
by loose part fragments in WWER reactors. However, during the operation one of the
regulating rods was stuck in a middle position. It has not been proved that these two effects
are in direct correlation, but one may suspect that this was one of the possible causes of the
failure of the movement of the control rod. This has a direct impact on the safety of the
nuclear installation.

Figure 5. Screen of the HELPS loose part monitoring system during analyse of the
post-event

The given case had also an aftermath. Unequal flow rate was detected after a year of
operation in the given Unit. Detailed analyse proved [6], that a crystallisation effect took
place on the hot surface of the fuel pins, which lead to reduction of the cross section of
coolant subchannels. The origin of the crystallisation was the high hematite concentration due
to washing process of small fragments of the loose part.

Consequently even if we can conclude that WWER reactors were designed to withstand
rather large loose parts from material point of view, still loose parts monitoring during the
start up (and during normal operation as well) is advisable to avoid such cases, which might
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have direct impact on safety. Since we are talking about continuous monitoring process we
believe that such analysing picture shown on figures are good for experts when the event has
to be found. For continuos monitoring we use an expert system which gives recommendation
directly (see text figures, which were borrowed from HELPS -Hungarian Expert Loose Parts
system.)
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