
'iV-

Bv accaotanc* of thie attic la. th«
publithar or rcciD'tnt acfcnowfaotw
ttta U.S. Govarnmtnt'tnatit to
ratain a nonaxclutiva. royalty-fr««
itctnt* in and to any copyright
covering th* artiet*.

COHP-841017—4

DES5 002473
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ABSTRACT

An automated noise surveillance and diagnostics system (ANSDS) is being demonstrated at the Fast
Flux Test Facility (FFTF). Three low-level, in-vessel fission chambers (LLFMs), three ex-vessel
compensated ion chambers (CICs), and two accelerometers on the mechanism of one advanced absorber
(ADVAB) control rod were monitored with an automated noise surveillance and diagnostic system
(ANSDS) in late 1983.
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INTRODUCTION

Oak Ridge National Laboratory (ORNL), in cooperation with the staff of the Fast Flux Test Faci
(FFTF), Is demonstrating an automated noise surveillance and diagnostics system (ANSDS) at
FFTF. The ANSDS uses existing instrumentation :o develop FFTF baseline noise signatures. The
baBeline signatures could be used to diagnose degradation of plant components early enough to
minimize plant downtime for repair.

FAST FLUX TEST FACILITY DESCRIPTION

The FFTF (Fig. 1) is a U.S. government-owned 400-MWc, sodium-cooled, fast-neutron flux reactor
plant designed specifically for irradiation testing of nuclear reactor fuels and materials for
liquid metal fast breeder reactors (LMFBRs). The FFTF la located on the Department of Energy (DOE)
Hanford Site near Rlchland, Washington.

The FFTF plays a key role In LMFBR development and testing activities. It provides a test bed for
demonstrating and evaluating the performance of future LMFBR fuel assembly and core designs at
normal conditions. It will also be used to test fuel to failure under dynamic conditions to
establish ultimate fuel capability and failure modes.

In addition, because it has coolant loops and components at temperatures and coolant flows typical
of large LMFBR power plants, the FFTF provides experience in the operation of a liquid metal fast
reactor. Westinghouse-Hanford Company operates the FFTF for the DOE as part of the Hanford
Engineering Development Laboratory.

The ORNL objective is to install and demonstrate the ANSDS at the FFTF. The ANSDS uses existing
instrumentation at the FFTF to develop baseline noise signatures. One potential uae of these
signatures could be to diagnose degradation of plant components early enough to minimize plant down
time for repair.

A likely source of neutron noise at FFTF is control rod motion. The core of the FFTF, shown in
Fig. 1, contains 199 hexagonal positions containing PUO2-UO2 driver fuel In the interior and
steel reflector assemblies on the peripher., Control rod assemblies, consisting of boron carbide
pins, are moved in hexagonal ducts within the core. Clearances exist which allow lateral control
rod motion, creating a neutron noise source.
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cific commercial product, process, or service by trade name, trademark, manufac-
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mendation, or favoring by the United States Government or any agency thereof.
The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.
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Fig. 1. Internal components of the Fast Flux Test Facility reactor.

Six neutron flux signals are available: three in-vessel, low-level flux monitors (LLFMs) and three
ex-vessel compensated Ion chambers (CICs), all radially spaced at 120* angles. Besides the LLFH
and CIC locations, respectively above and radially out from the core, two accelerometers from the
advanced absorber (ADVAB) control rod monitoring experiment were available. These accelerometers
are tangentlally mounted on top of the reactor vessel near the top and bottom of a drive assembly
housing. The ADVAB-2 test assembly is a Clinch River Breeder Reactor (CRBR) control rod placed In
the FFTF for testing.

THE AUTOMATED NOISE SURVEILLANCE AND DIAGNOSTIC SYSTEM

Figure 2 shows the system used for data collection. The hardware and disks containing the analysis
software for this system (Smith and Gonzalez, 1984; Smith, 1983) are located in the reactor
building* This ORNL-developed software permits remote control of the monitoring via telephone
lines•

In addition to the pathways Indicated in Fig. 2, there is also phone line access for data
transmission (but not control) from the FFTF plant computer. This permits disk storage of detailed
plant conditions at selected times during the monitoring.
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Fig. 2. Block diagram of ANSDS surveillance system hardware.

This remotely controlled monitoring system, combined with access to the plant computer, provided
the ability to conduct an extensive data collection program s.t ORML on the distant FFTF almost °.s
conveniently as the traditional on-slte noise analysis• Specifically, this method of performing a
noise amlysls experiment had the following advantages:

1. A concentration of noise analysis specialists and operational software at a large
laboratory such as OKNL allowed more expertise and diverse methods to be brought
into the experiment•

2. On-line testing was possible at any time without the necessity and expense of
stationing a noise analyst at FFTF. Immediately trying out new ideas speeds
up research of this type because diagnostic activities are especially effective
when there is an interaction between the analyst and the reactor monitoring
system.

Disadvantages can also be encountered in this type of remote experimentation:

1. Hardware changes or corrections of faults cannot be accomplished immediately.

2. Because communications with the reactor operating staff are limited to
occasional phone calls, opportunities to pick up incidental information
that may have a bearing on data Interpretation are limited (e.g., specific
plant activities may cause a change in some noise characteristic).

However, to the extent that cooperative, interested, and knowledgeable plant personnel are on site,
the*c disadvantages may be overcome.



INITIAL RESULTS

Two groups of signals were monitored. Group 1 included LLFM-1 and CIC-1, while Group 2 included
LLFM-2, LLFM-3, CIC-2, and CIC-3. The ANSDS performed the signal analysis for one group at a time.
During monitoring, the automated surveillance system Is capable of first learning the
characteristics of a signal's power spectral density (PSD) and then detecting statistically
significant changes in subsequent PSDs computed from a smaller number of fast Fourier transform
blocks.

Three interesting noise phenomena observed during a 21-h period In August 1983 are examples of the
changes from baseline resonance detected by the system.

1. Occurrence of broadband noise in CIC-1,

2. Appearance of resonances at 18 and 19 Hz in LLFM-1, and

3. Movement of the 10-Hz resonance of LLFM-3.

The first two observations are phenomena that the ANSDS is especially designed to "catch." These
types of changes are observable only by a noise monitoring system that monitors continuously,
because they appear and disappear quickly.

Change 1 occurred only In CIC-1 of Group 1, not in LLFM-1. Because the core Is so closely coupled,
the neutron signals are normally very similar. For this reason It is safe to assume that the
change is not due to a change in core neutron flux but Is local to CIC-1. It is very likely that
the change is due to Instrumentation noise, not local neutron flux. The change. Illustrated In
Fig. 3,. is typical of broadband noise and could be (1) random noise, (2) signal dropout, or
(3) spiking. Later, this behavior became common on all CIC channels and was diagnosed as a 15-V
power supply failure in the ANSDS instrumentation.

Change 2 occurred only In LLFM-1 of Group 1, not in CIC-1- As in the first example, it can be
assumed that the change Is local to LLFM-1. The change is Illustrated in Fig. 4, which shows two
resonances appearing at 18 and 19 Hz. The cause of this change has not been diagnosed as yet.

Fig.
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3. Broadband noise appearing on CIC-1. Fig. 4. Resonances at 18 and 19 Hz appearing
on LLFM-1.

Change 3 occurred several times In LLFM-3, but it was not noticed in t;ie other signals of Group 2.
The change, shown In Fig. 5, is associated with the resonance at ~10 Hz. The resonance is slowly
wandering In frequency. (Other observations suggest that this resonance is constantly wandering.)
The resonance shift Is much stronger in LLFM-3 than in the other LLFMs. Although the 10-Hz
resonance is not apparent in the PSD of any of the CICs, supplemental cross-spectral analyses
performed by the ANSDS Indicate that this resonant frequency is present in the CIC signals. Recent
observacions made with ANSDS, discussed below, suggest this resonance nay be an artifact of FFTF
plant instrumentation. On the other hand, it is interesting that the resonance is strongest in the
LLFM closest to the experimental control rod ADVAB-2.



Fig. 5. Change in resonant frequency on LLFM-3.

Besides detecting suspect spectra, another important use of the ANSDS is to look for trends in
PSDs. These trend spectra are PSD averages that are always being updated, thereby providing the
analyst with long-term overviews as well as documentation of the more sudden spectral changes
described previously. The ANSDS monitored several days of operation between August and October
1983. Typical 2- and 3-dimensional displays of these spectra are shown in Figs. 6 and 7. (Note
that the trend's sequential record number, rather than time, is used as a parameter in the 3-D
displays.)

From the trends as well as the spectra it is possible to make selected observations which can be
used to guide more detailed Investigations. Prior noise research on fast reactors (Shono, Tamura,
and Mizoo, 1984; Tamura and others, 1981; Tlgeot and le Guillou, 1977) has shown that small random
motions of control rods can be a source of neutron noise. Earlier investigation on the FFTF
(Westinghouse, 1983) has shown that the percentage of EMS neutron noise below 5 Hz varies in
proportion to the extent to which the control rods are inserted. Figure 6 also shows that the
trend spectra for LLFM-3 decrease as the fuel cycle progresses and the fuel rods are withdrawn.

Other observations made from the data gathered by the ANSDS as well as by other analyses are as
follows:

1. A 6.5-Hz resonance appears regularly in LLFM-1, LLFM-2, and all CICs, but not clearly
in LLFM-3. Its amplitude appears to decrease as the fuel cycle progresses. This
amplitude change is similar to the amplitude change caused by control rod
withdrawal during the fuel cycle, and thus it may be related to control rod
(ADVAB included) motion.

2. A 9- to 13-Hz resonance is unusual in that (1) its frequency varies with no apparent
pattern and (2) it is observed in the PSDa of the LLFMs but not in the PSD of the
CICs. Cross spectra, however, suggest its presence in the CICs. All detectors at
any one time, Indicate the same resonant frequency (but are not all necessarily in
phase), but to significantly different extents. On one occasion, ANSDS monitored
a signal-conditioning filter system failure that apparently resulted in the loss of
the neutron signals. Interestingly, the 9- to 13-Hz resonance remained in the
signal, though at reduced amplitude. This suggests that the 9- to 13-Hz resonance
is an artifact of the normal FFTF plant instrumentation. Very recent results
(August 1984) show that the frequency is correlated with power level (signal dc level).

3. The resonance at 16 Hz is coherent with a resonance in the ADVAB accelerometers
(measured using off-line analog recording analyses of data in which control rod
mechanism accelerometers were also available), and thus it seems to be related to a
vibration of that assembly. This is also the shaft frequency of the coolant pumps. The
16-Hz resonance is present in all of the neutron detector signals; its frequency is
nearly constant, and it appears with approximately the same amplitude in all neutron
signals. However, it is difficult to identify the 16-Hz resonance in the IiFMs
because it is often masked by other noise.
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Fig. 6. Fast Flux Test Facility LLFM-3 PSD changes (trend spectra).
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Fig. 7. Fast Flux Test Facility CIC-1 PSD changes (trend spectra).

CONCLUSIONS

It has been found quite feasible and practical to perform remote reactor surveillance using the
ANSDS developed by 0RN1. Both short- and long-term changes in noise characteristics are identified
by this automated system. Extensive data accumulated over the varying conditions of a fuel cycle
provide a useful accumulation of knowledge of reactor noise behavior. Based on these data,
subsequent intensive, and specific analyses can address specific phenomena.

ORNL and FFTF continue to operate the ANSDS. Monitoring of the first complete fuel cycle will be
completed in September 1984. Subsequent fuel c>cles with a different control rod configuration
also will be monitored for neutron nolae changes.
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