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Measurements were made at Units 3 of the TVA owns Ferry
nuclear power plant in order to characterize the neutron and process
signal noisé signatures, to determine the degree of correlation between
selected pairs of signals, and to assess the usefulness of such signa-
tures for monitoring and anomaly detection in BWR-4s. Measurements
were made in a power plant during normal operation at full power to
determine the usefulness of the neutron and process signals from
sensors and instrumentation in the plant which have been contaminated
by plant electrical noise interference. The signals from eleven local-
power-range monitors (LPRMs) . from average-power-range monitors (APRMs;
the average of &ﬁbALPRM detector signals), and from fifteen process
sensors were recorded by a fourteen-channel, FM tape recorder.

The proces- signals included core, driver, jet pump, feedwater and
steam flows, reactor pressure, core differential pressure, and reactor
water level. The recorded signals were taken from the plant startup and
at-power test panels; the existing plant signal amplification and con-
ditioning equipment was used. To obtain sufficient statistical precision,

several data sets, each 4 hr long, were recorded.
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The recorded data were Fourier analyzed in the frequency range from
0.01 to 2 Hz. The principal descriptor used in the analysis of the data
was the coherence function. Particular attention was given to determin-
ing the coherence between LPRM and APRM signals, between pairs of LPRM
signals, and between the process signals and an APRM signal. The coher-
ence functions between the LPRM signals and an APRM signal showed a con-
sistent, high coherence in the frequency range from 0.1 to 1.0 Hz, with
a maximum near 0.5 Hz. This resonance has been measured by others and
identified as dependent on the stability of the core.! 1In the frequency
range ‘rom 0.01 to 0.1 Hz, the Unit 3 results showed high coherence for
detectors near the center of the core, with decreasing coherence in this
range for detectors near the core edge. However, in Unit 2, the coherence
of detector signals in this frequency range did not decrease as much from
core center to core edge as did the coherence of signals in Unit 3. This
result may be related to differences in flow patterns in the two units,
but further analysis and comparisons with model calculations are needed to
determine whether this is correct. Pairs of LPRM signals show a high
coherence between signals from adjacent LPRM detectors in the same flow
channel and a lesser coherence between signals from detectors in different
flow channels — an observation of previous investigators as well,2»3

Analysis of the APRM and process noise signals indicated a signifi-
cant coherence (>0.6) between neutron noise signals from the APRM and
the following process signals; core flow, reactor pressure, core dif-
ferential pressura, and total steam flow. The coherence was negligible
between the APRM and driver flow, individual jet pump flow, feedwater
flow, and reactor water level. In the frequency range from 0.01 to

0.1 Hz, the coherence values between process signals were 0.4 to 0.6



among the core flow, pressure, differential pressure, and steam flow
signals, but the coherence between these signals was negligible in the
range from 0.1 to 1 Hz.

Based on these observed coherence results, we coiclude that the
signals derived from existing plant sensors and instrumentation could
be used to diagnose anomalies. The neutron signals could be used to
monitor the stabilityfof the core and to diagnose anomalies involving
the reactor pressure, core flow, and steam flow. These signals could
also be used to verify predictions of a BWR mathematical model. We
further conclude that such process signals as driver flow, individual
jet pump flow, feedwater flow, and reactor water level were not suf-
ficiently correlated with the neutron signals to allow useful monitoring

of these variables with the neutron signals.
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