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SUBCRITICALITY MEASUREMENTS FOR TWO COUPLED URANYL NITRATE SOLUTION

TANKS USING 2S2Cf-SOURCE*DRIVEN NEUTRON NOISE ANALYSIS METHODS

J. T. Mihalczo, E. D. Blakeman, and W. T. King

The subcritieality of two interacting solution tanks was determined

using 2S2Cf-source-driven neutron noise analysis methods.1 These

experiments were the first test of this method for an interacting system

with materials (in this case, uranyl nitrate) typical of nuclear

materials in processing plants. The experiments were performed to test

the conclusions from previous interaction experiments with uranium metal

discs2'3 for a fissile system with moderation, and to provide data to

test theoretical models'* for coupled systems. The uranium metal

experiments showed that the subcritical neutron multiplication factor,

keff, could be determined using point kinetics without any correction

for spatial effects from measurements with the source and detectors

located adjacent to the same cylinder, whereas for source-detector

configurations with either the source and/or detectors adjacent to

different cylinders, a model which incorporates the coupling is required

to obtain subcriticality. In the previous experiments with two coupled

uranium metal cylinders, the measurements were performed at frequencies

(<50 kHz) much lower than the break frequencies (>1 MHz) for the metal

discs. Thus, many aspects of the theory relating to the relationships

between various spatial models could not be verified in previous

experiments.

Two 19-cm-ID cylindrical tanks were filled to a height of 90 cm.

The two plexiglas (0.63 cm thick) tanks were located with their axes

parallel, and the space between the outer radial surfaces varied between

0 and 100 cm. One tank was mounted on a drive assembly to facilitate

varying the space between cylinders. The 2S2Cf source was located in

the center of one cylinder, and the detectors (76.2«cm-long, 1.9~cm'-0D
3He proportional counters or 12.7-cmK>D, 1.27~cm"thick L^ glass

scintillators) were located on the external surface of the tanks with

three configurations of detectors: one adjacent to each cylinder, both



adjacent to the cylinder with source, or both adjacent to the cylinder

without the source. The ratios of spectral densities for various

source^detector configurations are plotted as a function of separation

in Fig. 1. Experiments were also performed with 0.63-cm-thick boral

placed between the cylinders as well as with each cylinder half full of

solution without the boral. For measurements with the source and

detectors adjacent to one cylinder, the measured ratios of spectral

densities become constant as spacing increases. This results from the

coupling between tanks approaching zero as the space between tanks

increases. For both tanks with 90 and 45 cm of solution, this spacing

is 12 and 6 in. respectively. For source-detector locations on

different tanks, the ratios of spectral densities are strong functions

of spacing because they depend primarily on the coupling reactivity.

The subcritical neutron multiplication factors obtained from the

ratios of spectral densities with the detectors adjacent to the tank

with the source are given in Table 1 for the experiment with both tanks

containing 90 cm of solution, where they are compared with the results

of Monte Carlo calculations. As with the data from the previous uranium

metal experiments, point kinetics interpretation of the ratios of

spectral densities obtained with the source and detectors in or adjacent

to the same cylinder gives keff values which agree with calculations.

The coupled kinetics model of Difilippo" has been formulated in

terms of the total reactivity of the system (p), the reactivity of a

single cylinder of the system, and a reactivity of interaction. This

model has been used to calculate the ratios of spectral densities for

the source^detector configuration with a detector adjacent to each

cylinder. The reactivity of the system was obtained from point kinetics

interpretation of the measurements with the source and detectors in or

near one cylinder. The reactivity of a single cylinder was assumed to

be that measured for an isolated cylinder (p s), thus the model can be

used to obtain an interaction reactivity pj^, if different from p * p3.

Thus, by performing measurements with three detectors and the 252Cf

source, the reactivity of interaction may be determined.



These measurements and their interpretation have shown that

(1) point kinetics interpretation of the measured ratios of spectral

densities yields the subcritical neutron multiplication factor when the

source and detectors are located in or adjacent to one of the cylinders

of uranyl nitrate, and (2) the coupling reactivity can be obtained by

incorporating a third neutron detector adjacent to the cylinder without

the source using the kinetics model of DifHippo," which includes one

additional spatial mode in the direction of the coupling.
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Table 1. Ratios of spectral densities and neutron
multiplication factors for two interacting

uranyl nitrate solution tank3

Distance
between
tanks
(in.)

0

0.5

1.0

1.5

2.0

4.0

8.0

12.0

39.5

Ratio of
spectral

densities8

0.170

0.197

0.220

0.242

0.257

0.275

0.293

0.306

0.308

Neutron multiplication factor
Experimental0

0.925

0.908

0.897

0.885

0.877

0.862

0.847

0.837

0.832

Calculated
Hansen
Roach

0.920

0.903

0.893

0.883

0.875

0.857

0.856

0.835

0.827

ENDF-B/IV

0.947

0.930

0.919

0.901

0.894

0.886

0.879

0.870

0.850

aSource in center of one tank, 3He detectors adjacent to
the same tank, 90 cm solution height.

bPoint kinetics interpretation of the data.



Fig.' 1. Ratios of spectral densities for two interacting solution
tanks containing 90 cm of solution.
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