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The 2%2Cf-source-driven neutron noise analysis method! for

obtaining the suberiticality of an assembly of fissile material from
cross-power spectral densities (CPSDs) was developed to avoid some diffi-
zulties inherent in other measurement methods. This method requires
measurement of frequency-dependent CPSD G,,(w) between a pair of detec-
tors (Nos. 2 and 3) in or near the fissile assembly and CPSDs G,,(w) and
G,.(w) between these detectors and a source of correlated neutron noise
from an ionization chamber {(No. 1) containing 252Cf, also in or near the

fissile assembly. Also, the auto-power spectral density G,,(w) of the
r I3 * 3
source is required. The ratio of spectral densities G,,G,,/G,,G,, is

then formed and is related to the subcriticality. The method has a
variety of potential applications: (1) initial fuel loading in a wide
variety of reactors, (2) refueling of reactors, (3) fuel preparation
facilities, (4) fuel processing facilities, (5) fuel storage facilities,
(6) zero-power testing of reactors, (7) post-accident situations, and
(8) verification of calculational methods for assemblies with « < 1. To
date various measurements have been performecd which demonstrate the
usefulness of the method including measurements with single uranium
metal cylinders.!”7 The experiments described here, which used coupled
uranium (93.15 wt% 22°U) metal cylinders separated by air, are the first

application of this method to coupled systems.

This method has some unique features that make it useful for study-
ing the interaction in coupled systems. By locating the source on one
cylinder and the detector on the other ecylinder, or each of the detec-
tors on a different cylinder, the CPSDs G,,, G,,, and G,, will arise

from fission chains propagated by neutrons traveling between cylinders.




Thus, for these detector source locations, as the coupling between

cylinders goes to zero for large distances so will the CPSDs.

The uranium metal and the apparatus used for these experiments has
been described previously.!»®»? Each of the two coaxial 7-in.-diam
right circular cylinders were 2.00 in. thick, and the spacing between
the flat surfaces of the cylinders varied up to 6 in. The 2%2Cf source
was centered on the outer flat surface of one cylinder and the detectors
(Li glass scintillators) were located in three configurations: (1) one
detector adjacent to the radial surface of each cylinder, (2) both detec-
tors (180° apart) adjacent to the radial surface of the cylinder with
the 2%2Cf source, and (3) both detectors (180° apart) adjacent to the
radial surface of the cylinder without the 2°%2Cf source. The uranium
cylinders with zero spacing comprised a single U4-in.-thick cylinder for
which a measurement had been performed in 1975.! The previous measure-
ments were performed witn a 0.07-pg 2°2Cf source while those in this
work were performed with a 0.20-ug 2°2Cf source. The measured ratios of
spectral dens.ty were 0.069 (1975) and 0.067 (1984) and thus demon-

strated the method's reproducibility even though the sources and detec-

tors were different.

The measured ratio of spectral densities is plotted as a function
of spacing between the cylinders in Fig. 1 for two locations of the
source and detectors: both detectors adjacent to the cylinder with the
232Cf source, and both detectors adjacent to the cylinder without the
2%2Cf source. As the spacing between cylinders increases, the coupling

between cylinders decreases and the number of fission chclns propagating



v~ .

between cylinders decreases. For the experiments with the source
adjacent to one cylinder and the detectors adjacent to the other, this
has the effect that CPSDs G,, and G,, decrease, and thus the ratio of
spectral densities decrease with increased spacing since G,,; does not go
to zero for less coupling. The neutron multiplication factor, kepp, was
obtained from the ratio of spectral densities from measurements with the
source and detectors adjacent to the same disk using a simple point
kinetics interpretation without correction for spatial effects. This
neutron multiplication factor is compared with that calculated using the
DOT!? transport method and the KENO!'! Monte Carlo method using the
ENDF/B-IV cross-section library (Fig. 1). The measured and calculated
results agree within 2% for separations up to 5 in. With these
locations for source and detectors, the suberiticality of one ¢ylinder
as affected by the proximity of the other is measured. With the source
and/or detectors on different cylinders, a simple point kinetics
interpretaion of the ratio of spectral densities will not give the
subcritical value. For locations where the source and detector are not
on the same cylinder, a kinetics model which incorporates the lumped
nature of the system will be required to interrret the ratios of
spectral densities to obtain the correct subcritical value for the

system; coupled core kinetics!? is required for these source-detector

locations.

These experiments demonstrate the usefulness of the method for
(1) obtaining the subecritical neutron multiplication factor for a
coupled system, (2) measuring the neutron multiplication factor for

systems with kepe <0.8, and (3) studying the details of the coupling




between units by location of the source and detectors on different

cylinders.
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- Table 1.
factors kere and measured with both detectors located
on the cylinder with the source

Comparison of calculated neutron multiplication ";;;

0.7
0.63
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