CONF-851115=~3(,

§ this article, the
"Cree:ipient acknow|adges
nment’s right t0
usive, royalty-free
Y] copyright

By acceptd
publisher or
the U.5. Gover
retain 3 nonexcl
ticense in and to. an
covering the article.

DECOUPLING OF URANIUM METAL WITH BORATED PLASTER
USING 2°%2Cf NOSE ANALYSIS METHODS

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

Oak Ridge National Laboratory

. 831%
Oak Ridge, Tennessee 3783 CONF-851115--36

DE86 002451

Summary of Paper to be Presented at
The 1985 Winter Meeting of the American Nuclear Society
San Francisco, California
November 10-14, 1985

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Ncither the United Statcs Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any informat:.un, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors cxpressed herein do not necessarily state or reflect those of the Y &
United States Government or any agency thereof. 1y

¥QOperated by Martin Marietta Energy Systems, Inc., for the
U.S. Department of Energy under Contract No. DE-AC05-840R21400.

A
DISTRIBUTION OF THIS DOCUMENT IS UKLIRHTED /'E(\w
Ji



Decoupling of Uranium Metal with Borated Plaster
Using 252Cf Noise Analysis Methods

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

The use of borated plaster to isolate uranium (93.2 wt% 225U) metal
was studied in a series of suberitical experiments with uranium metal
cylinders (7.0 in. diam, 2.0 in. thick) and slabs (~1.4 x ~5.4 x
~10.1 in, dimensions). In the cylindrical experiments, tne thickness of
borated plaster was varied up to 10 in. and the subcriticality measured
using the 252Cf-source-driven neutron noise analysis method.! In the
experiments with the uranium slabs, an array of slabs 3 wide and 8 high
was assembled in steps to demonstrate the subcriticality of this array
with 3.75-in.-thick borated plaster as an isolating material between all
uranium slabs. In the slab experiments, both noise analysis and source
neutron multiplication measurements were*performed. Before assembly of
the slab array the presence of boron in the plaster was verified by neu-

tron transmission and gamma-ray spectrometry measurements.

Previous measurements demonstrated the usefulness of the
2s2cr-source-driven neutron noise analysis method for determiiing the
suberiticality of coupled uranium metal cylinders in air.2? In the cylin-
drical experiments reported here, borated plaster was located between
the flat surface of two coaxial, 2-in.-thick right circular cylinders.
The borated plaster has a density of 1.3 g/cc with a boron density of
0.08 g/cc and a hydrogen content 45% that of water at room temperature.
In Fig. 1t the ratios of cross—- and auto-power spectral densities,
G%,G,;/G,,G,;, from which the subcriticality is determined, are
plotted as a function of borated plaster thickness for two locations of
the source (subscript 1) and detectors (subscripts 2 and 3). The source
provides neutrons to initiate the fission chain multiplication process,
and the detectors detect particles from the induced fissions. As with
previous measurements wWwith coupled uranium metal cylinders in air, the

ratio of spectral densities depends on the location of the source and



detectors.? With the source and detectors on different cylinders, G,,
and G,, approach zero as the coupling goes to zero and a spatial
kinetics model is required to obtaln the subcriticality and coupling
reactivities from these measurements. However, with the sources and
detectors located adjacent to the same cylinders, the subcriticality can
be obtained from the measured ratio of spectral densities 'sing a simple
point kinetics interpretation of the data. These neutron multiplication
factors from measurements are also compared with the results of calcula-
tions in Fig. 1. The calculations utilized the DOT transport and KENO
Monte Carlo codes with an ENDF/B-IV cross-section library. The measured
and calculated neutron multiplication factors agree within ~1%. The
experiments showed that a 5-in., thickness of borated plaster effectively
decouples uranium metal; that is, the contribution to Kgpe from inter-

action is less than 1%.

Comparing th: subceriticality from these measurements with borated
plaster between uranium to previous measurements with uranium cylinders
separated in air, it was found that the neutron multiplication factors
are increased by inserting borated plaster between cylinders for all
separrations of cylinders and thicknesses of borated plaster. For large
separations this is obvious, since in the void case large separation
results in an unreflected, 2-in.-thick cylinder, and with the borated
plaster, large separation results in a 2-in.-thick c¢ylinder reflected by
borated plaster on one flat surface. For smaller separations the bal-
ance between leakage, slowing down of neutrons by the moderation of the
plaster, and absorption by the boron apparently is such that the neutron
multiplication factor increases as borated plaster is inserted between

uranium cylinders,

Before proceeding with the assembly of the 3 x 8 array of uranium
slabs, gamma-ray spectrometry measurements of the neutron capture gamma-
rays in boron and neutron transmission measurements with the borated
plaster of the array and known samples confirmed the presence of boron
in the borated plaster around every slab location in the array. The
array was loaded symmetrically from the center outward with the plane of

the slabs horizontal. The ratio of spectral densities and relative



source neutron multiplication are plotted in Fig. 2 as a function of the
number of slabs loaded. The insensitivity of the data to the addition
of slabs after the first nine are loaded suggests that the interaction
is significant only between adjacent units. The measurements with the
borated plaster between the uranium cylinders suggested that the removal
of borated plaster from the array might not change the neutron multipl.-
cation factor significantly. This was indicated by calculations in
which the calculated neutron multiplication factor increased from 0.75
to 0.79 with the borated plaster removed from the array. The use of

borated plaster in this case can create a criticality safety problem if

the boron is removed.

The experiments with the cylinders showed that the insertion of
borated plaster between 7-in.-0D, 2-in.-thick cylinders increases the
neutron multiplication factor for all thicknesses of borated plaster and
that the approximately infinite isolation thickness of borated plaster
is ~5 in. (although decreases in the coupling were measured up to
7.2 in.). The experiments with the 3 x 8 array of uranium slabs showed
that the interaction is significant only between adjacent slabs. 1In
addition, the experiments with the cylinders demonstrate the usefulness
of the noise analysis measurement method in (1) characterizing the neu-
tronic isolation properties of borated plaster with uranium metal,

(2) benchmarking calculations with subcritical experiments, (3) studying
the details of the coupling between fissile materials by locating the
source and detectors on different cylinders, and (4) determining the
suberitical multiplication factor for configurations of uranium and

borated plaster to Kere as low as -~0.72.
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