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ABSTRACT

(k series of neutron multiplication measurements with arrays of 1 by
8 by 10 in. slabs of 93«>^# U^35-enriched uranium metal have been made to
provide data from which safety criteria for the storage of these fissile
units can be established. Each slab contained 22.9 kg of U2^5j a maximum
of 125 units was assembled. The arrays studied were cubic lattices of the
units and were usually parallelepipedal in shape. Arrays were both un-
moderated and Plexiglas-moderated and were surrounded in most cases by a
1-in.-thick Plexiglas reflector. (The lattice densities (ratio of fissile
unit volume to lattice cell volume) were between 0.023 and 0.06.
Unmoderated lattices with a density of 0.06 would require l*t-5 + 5 units
for criticality, while those with a density of 0.023 would require
350 + 30 units. In lattices in which the fissile units are separated by
1 in. of Plexiglas, approximately 27 units would be required for a critical
array with a lattice density of 0.06 and about 75 units for a density of
0.023. Distributing Foamglas (containing 2$ boron) throughout a moderated
array increased the critical number of fissile units by a factor of 5,
while Styrofoam had a small effectJ ' -

NOTICE

This document contains information of a preliminary nature
and was prepared primarily for internal use at the Oak Ridge
National Laboratory. It is subject to revision or correction
and therefore does not represent a final report. The information
is not to be abstracted, reprinted or otherwise given public
dissemination without the approval of the ORNL patent branch,
Legal and Information Control Department.
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work. Neither tr-e United States,
nor the Commission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with respect to the accuracy,
completeness, or usefulness of the information contained in this report, or that the use of
any information, apparatus, method, or process disclosed in this report may not infringe
privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages resulting from the use of
any information, apparatus, method, or process disclosed in this report.

As used in the above, "person acting on behalf of the Commission" includes any employee or
contractor of the Commission, or employee of such contractor, to the extent tha- such employee
or contractor of the Commission, or employee of such contractor prepares, disseminates, or
provides access to, any information pursuant to his employment or contract with the Commission,
or his employment with such contractor.
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INTRODUCTION

Criteria for safe arrays of highly enriched uranium metal units are strongly
dependent on the shape and weight of the units; consequently, the application of
empirical relations established for one type of unit to another type is question
able. Several experimental investigations!™^ performed at other laboratories
have provided data from which safety criteria for arrays of spherical units of
enriched uranium metal have been established.5 in order to provide similar
information for slab-type units, a series of neutron multiplication measurements
with arrays of 1 by 8 by 10 in. slabs of uranium metal have been initiated at
the OREL Critical Experiments Facility. The metal is enriched to 93.U#, each
slab containing 22.9 kg of U235.

In the tests reported here the fissile units were assembled in cubic
lattices surrounded in most cases by a 1-in.-thick reflector vault, Plexiglas
on the top and sides and steel on the bottom. The lattice density (ratio of the
fissile unit volume to the lattice cell volume) was between 0.023 and 0.06.
Multiplication effects associated with variations in the reflector thickness,
the source position, the lattice density, and the lattice shape were determined.
The effect of introducing Plexiglas, Styrofoam, or Foamglas within the lattice
was also studied.

I. DESCRIPTION OF ASSEMBLIES

The fissile units were assembled in Unistrut steel frameworks built on a
"split'' table which has a movable half and a fixed half. Three frameworks were
constructed, two in which the center-to-center spacing of the fissile units was
12 in, and one with a spacing of 15 in. The two frameworks with the 12-in.
spacing were capable of holding a 3 by 3 by 5 unit array and a 5 by 9 by 5 unit
array, respectively, while the framework with the 15-in. spacing could hold a
5 by 5 by 5 unit array. A modification of one framework allowed lattices with
an 11-in. center-to-center spacing to be assembled also. The two halves of one
array of fissile units surrounded by Plexiglas are shown in Fig. 1.

Contamination and handling problems were reduced by placing the fissile
units in 0.005-in.-thick plastic bags and belting them into trays made of
1/16-in. -thick aluminum sheet.. The aluminum trays were in turn placed in the

1. 3. C. Mallary et al., "Safety Tests for the Storage of Fissile Units,1
/ IA-1875 (1955).

Zi C. L. Schuske, RFP-51 (1955) (Classified).
fy C. L. Schuske, RFP-59 (1956) (Classified).
kj C. L. Schuske, RFP-86 (1957) (Classified).
5. Cs L. Schuske, RFP-108 (1958) (Classified).
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Fig.1. Typical Arrangement of U235- Enriched Uranium Slabs Assembled in a 1-in.-
thick Plexiglas Vault on a Split Table (Movable Half of Assembly in Foreground).
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framework as shown in Fig. 2, and a l/32-in.-thick sheet of aluminum was
suspended below each position in the lattice as a further restriction on the
motion of the fissile units. The top and sides of the Plexiglas reflector
vault were adjusted to fit the particular lattice being studied. (The
Plexiglas could be fitted within the framework when the array was smaller than
the framework.)

The numerical scheme used to designate lattice position is shown in Fig. 3.
The order of loading the fissile units varied, depending on the size and shape
of the lattice. The units were loaded either by hand or with the use of a
crane while the table halves were 60 in. apart, the loading pattern being chosen
so that it was never necessary to assemble more units by hand than were known
to be subcritical.

The source used within the lattices was a 1-in.-CD by 5-in.-long Pu-Be
source having a strength of ^8 x 10° neutrons/sec.

Three BFx-gas-filled counters (RCL Model 10500) placed in positions
around the arrays were used to measure the neutron multiplication, and in
some experiments a Hornyak button was placed within the lattice to detect
fast neutrons. Variations in the performance of the counters were observed
by placing the neutron source in a reproducible position and determining the
counting rates. Background counts were taken with the neutron source removed
from the room.

II, EXPERIMENTAL RESULTS

The experimental data presented in this section are reported in terms of
self-multiplication, multiplication, or cross-multiplication. The definitions
of these terms for this series of tests are as follows:

Self-multiplication (M ) - - Ratio of the neutron flux* produced
with a neutron source and a single fissile unit (U235) to the flux
produced with the source and an identical non-fissile unit (U23°).

Multiplication (Mq) - - Ratio of the neutron flux produced with
a neutron source and a configuration of U235 units to the flux
produced with the source and a single U238 unit placed in the first
loading position of the particular array being studied.

Cross-multiplication (VLg) - - Ratio of the neutron flux produced
with a neutron source and a configuration of U235 units to the flux
produced with the source and a single U235 unit placed in the first
loading position of the particular array being studied.

In each case the observed neutron flux is corrected for background.
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235Fig. 2. Closeup of Individual Fissile Unit Cells in a Typical Assembly of U -Enriched Uranium Slabs
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Self-Multiplication of Fissile Units

In order to determine the effect of neutrons reaching the detector without
penetrating fissile material on the apparent source neutron multiplication, the
self-multiplication of a single fissile unit with an internal neutron source
was compared with the self-multiplication of a fissile unit with the source
adjacent to one face. For the internal-source measurements, a l/4-in.-GD by
1-in.-long Po-Be source (strength ~>lo5 neutrons/sec) was placed in a 3/8-in.-
dia by 5-in.-deep hole located in the center of a 1 by 8 in. face of the unit.
The self-multiplication of the fissile unit with the external source was 1.^
as compared to 1.5 with the internal source. (The positions of the three
counters during these measurements are shown in Table A-l in Appendix A.)

The self-multiplication of a fissile unit in a plastic bag differed from
that of a fissile unit wrapped in a 2-mil-thick aluminum foil by less than 1$.
Since the moderating effect of aluminum is small compared to that of hydrogen,
these results indicate that the plastic covers on the fissile units affect the
multiplication of a lattice of fissile units only slightly.

Effect of Reflector Thickness

The effect of varying the thickness of the side and top reflectors on
arrays of fissile units jmbs investigated with several lattices contained in a
reflector vault with inside dimensions of 3 by 3 by 5 ft. A 12-in. center-to-
center separation of fissile units was used in each case. (The positions of
the counters for these measurements are shown in Table A-2.) Figure k and
Tables A-3 and A-k in Appendix A show the effect on the reciprocal multiplica
tion of increasing the side and top reflector thickness from 1 to k in. For
a 3 by 3 by 5 unit lattice, adding 3 in. of paraffin to the 1 in. of Plexiglas
on the sides and top of the reflector vault increased the neutron multiplica
tion by a factor of 2.

Plots of the cross-multiplication of various arrays for three reflector
conditions are shown in Fig. 5« Comparing the two lower curves at the 27-unit
point indicates that removing the 1-in.-thick top and side reflector from a
3 by 3 by 3 unit configuration reduces the neutron multiplication by a factor
of 1.2.

Effect of Lattice Density

.The effect of the lattice density on the neutron multiplication was studied
with lattices which had 11-, 12-, and 15-in. center-to-center separations and
were assembled in cubical vaults having 55-, 60-, and 75-in. inside dimensions,
respectively. The counter positions for these measurements are given in
Table A-5 in Appendix A, and the reciprocal multiplications for the various
arrays are shown in Fig. 6 and Table A-6. The effect of variations in the
lattice density of arrays of Plexiglas-moderated fissile units is shown in
Fig. 7, which is discussed further in the paragraph below.
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Fig. 5. Cross Multiplication of Fissile-Unit Arrays Having Top and Side Reflector Thicknesses of 0,1, and 4 in.
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