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FAST FLUX TEST FACILITY 
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W. R. Sloan, D. C. King and M. Robles 

Hanford Engineering Development Laboratory 
Richland, Washington 99352 U.S.A. 

ABSTRACT 

This paper summarizes the development testing in pro
gress at the FFTF to determine the effectiveness of high tem
perature microphones as acoustic monitors in the upper plenxnn 
of the FFTF. The specific goal of this testing Is develop
ment of an automated loose parts monitor for the upper plenum. 
A description of the acoustic probe is included, as well as 
a discussion of the signal processing. A summary of the re
sults to date is also given. 

INTRODUCTION 

The Loose Parts Monitor (LPM) testing at the Fast Flux Test Facility 
(FFTF) evolved from the safety review of the FFTF by the U.S. Nuclear Regu
latory Commission. This review paralleled the standard review process for 
light water reactors which requires an LPM complying with the regulatory 
guide for loose parts monitoring. While the FFTF is not required to have an 
LPM, a development test was initiated to evaluate the effectiveness of high 
temperature sodium-immersible microphones for loose parts surveillance of the 
upper reactor plenum (Figure 1). 

A standard FFTF reactor component, a Postirradiation Open Test Assembly 
(PIOTA), was modified to include six high temperature microphones (Figure 2). 
These microphones are located on the PIOTA at 61 cm and 229 cm below the 
sodium surface in the upper plenum. An array of three microphones is loca
ted at each position. 

The decision to modify a PIOTA was based on: 

(1) Qualification of the design changes required for mounting the 
loose parts monitor sensors was a relatively minor perturba
tion of the original PIOTA design qualification. 

(2) PIOTA positions provide convenient access to eight positions 
in the upper plenum of the FFTF reactor vessel. These eight 
positions are on radial trisector boundaries over the fuel 
region of the core and are normally occupied by either an 
experiment requiring a penetration through the reactor head, 
or a PIOTA. 
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Figure 1. Location in the FFTF of microphones for loose par ts monitoring. 
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Figure 2. Loose Parts Monitor Assembly. 



The number of PIOTA positions available at any time (Figure 3) for the 
loose parts monitor assemblies depends on the details of the fuel cycle. 
However, several positions are normally available for loose parts monitor 
assemblies. A major consideration in selecting a position is the residence 
time of the core component under the available positions. A long core resi
dence time (three cycles) of the core component reduces the number of re
movals of the loose parts monitor and the subsequent required requalifica-
tions for use in the reactor. 

Two Loose Parts Monitor Assemblies (LPMA) have been fabricated and one 
is currently installed in the FFTF. Initial acoustic signatures have been 
obtained at power and under various flow conditions. 

OBJECTIVES 

The objective of the LPM test is to develop a system to automatically 
detect and locate loose parts in the upper plenum of the FFTF. This goal is 
to be met through the completion of the following tasks: 

° Determining if the microphones used in the LPMA will operate 
reliably in the upper plenum of the FFTF. 

° Characterizing the acoustic signature of the upper pleniom at full 
power and flow. 

° Developing a signal-processing system for automatic detection 
and location of loose parts. 

° Establishing the impact level and location detection limits for 
loose parts monitoring in the upper plenum. 

Completion of these objectives will result in a hardware system that can 
mitigate damage caused by a loose part in the upper plenum of the FFTF. This 
lessening of the damage would come from early detection thus preventing pro
gressive damage. 

In addition to the direct FFTF benefits, there are indirect benefits to 
LMFBRs since loose parts monitors may be required on CRBR and future plants. 
These additional benefits will be a result of the operational experience 
gained at the FFTF. 

LPMA HARDWARE 

The major hardware component is an FFTF PIOTA modified to include six 
microphones and four accelerometers. As part of this modification, six view 
ports were cut in the holddown tube to provide a direct acoustic path between 
the microphones and the reactor's upper plenum. The six microphones (Figure 
2) are mounted in two groups of three. The two microphone groups are located 
at 61 cm and 229 cm below the sodium surface. Figure 1 schematically illus
trates an installed LPMA. 



Figure 3. Possible locations (shaded core positions) for Loose Parts Monitors. 



Figure 3 is a diagram of the FFTF core showing the eight open test po
sitions which are the possible locations for LPMAs. The 3202 position is the 
location of the currently installed LPMA. This location was selected pri
marily because of the three-cycle core residency of the core component in 
this position. 

One disadvantage of using PIOTA positions is that removal of the core 
component under the LPMA requires removal of the LPMA. While the LPMA re
moval is a relatively simple process, requalification is necessary prior to 
reinsertion, and it is unlikely that this requalification can be performed in 
time for reinsertion in the same fuel cycle. This means a larger inventory 
of LPMAs must be maintained to provide a constant monitoring level. 

The microphones used in the LPMA are a commercial version of the micro
phones developed by the Argonne National Laboratory. These microphones are 
constructed using LiNbOj piezoelectric crystals.^ While LiNbOg is an excel
lent high temperature piezoelectric material, it has the disadvantage of a 
loss of resistance after prolonged exposure to high temperature. The resis
tance loss is associated with depletion of the surface oxide layer and can be 
eliminated if an oxygen reservoir is attached to the microphone. The FFTF 
design includes a reservoir for each microphone and gas lines through the 
pressure boundary to refill the reservoirs if required. 

Microphones of this type have been tested in EBR-II and have demonstrat
ed good reliability. This experience also indicates that radiation exposure 
will not be the limiting factor in determining the sensor lifetimes. 

Accelerometers were mounted on the LPMA to ensure that the acoustic sig
nals measured at the microphones were not low level impacts generated within 
the LPMA. These accelerometers are intended only for use during the initial 
testing because of the relatively short lifetimes of the accelerometers. 

LPMA ELECTRONICS 

LPMA microphone signals are converted to voltage signals by charge am
plifiers located in the reactor head compartment. These signals are fed out
side of containment for processing. The current processing is offline with 
the only online monitoring being an audio signal. A computer-based system is 
being assembled with software for detecting and recording loose parts. 

The detection of a loose part depends on the sensing of a characteristic 
rapid energy increase in a preselected frequency band of the signal produced 
by the microphones. The location and magnitude of the impact will determine 
the size of the increase and relative arrival times at the microphones. Dif
ferences in the signal level between microphones at the same elevation will 
be small provided the frequencies selected, less than 50 KHz, have large wave
lengths compared to the dimensions of the microphones. Large magnitude dif
ferences can exist between the two elevations, but any significant loose part 
should be in coincidence at both locations. An obvious consequence of this 
coincidence is that a coincidence detection circuit will reduce the amount of 
spurious information requiring analysis. 



The basic detection circuit for a single microphone (Figure 4) consists 
of a band pass filtered Root Mean Square converter followed by a low pass 
filter. This signal will feed one side of a comparator. The other side is 
fed directly from the RMS converter. This arrangement provides level track
ing to account for variation in the acoustic background with coolant flow. 
And with the additional advantage the band pass filter can be tuned for opti
mal signal-to-noise ratio. 

Outputs of the detector circuits will be logically combined to trigger 
the transient capture unit monitoring each microphone. The digitized data in 
the transient capture units are transferred to the computer following the 
trigger. The computer then rearms the transient capture units and begins 
processing the data. 

Computer processing will consist of frequency domain and time domain 
analyses of the signal to verify the signature of a loose part is present. 
The frequency analysis will compare the measured frequency spectrum to a ref
erence spectrum. The time analysis will determine relative arrival times be
tween microphones and peak levels. These results will then be used to veri
fy, locate, and calculate the size of the impact. 

STATUS 

Two LPMAs have been fabricated and one installed in the FFTF. Data have 
been collected from the installed unit under a variety of flow and power con
ditions. While detailed analysis of the data is not complete, preliminary 
analysis indicates that an acceptable noise background will exist for loose 
parts detection. 

Hardware to automate data collection has been purchased and delivered. 
The primary hardware components are a Data General AP/130 computer and a six-
channel Physical Data transient capture unit. The waveform recorder can be 
expanded to the twelve channels required for simultaneous monitoring of two 
LPMAs. 

The first objective of this project has been met in that fairly clear 
evidence was obtained which indicates the microphones can be successfully 
operated in the FFTF. Data have also been collected to characterize the 
acoustic background in the upper plenum at full power and flow. 

A troublesome and unexpected effect has been observed in the microphone 
output signal that correlates with reactor power. As the reactor power is 
increased, a low frequency component appears. The magnitude of this compo
nent correlates inversely with the distance from the core and directly with 
power level. A similar effect has been observed in the FFTF Vibration Open 
Test Assembly (VOTA) accelerometer signals. The piezoelectrical crystal 
material used in the VOTA accelerometers and the microphones is identical and 
it is believed that the effect arises from a common origin in the sensor. 
The impact of this noise on loose parts detection is small since we are 
primarily interested in the higher frequencies. 
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Figure 4 . Typica l microphone s i g n a l channe l . 
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