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Abstract
~

(critical experiments were performed with ORR and BSR fuel elements .
to determine safe arrays in which the elements could be handled and stored.
The data indicate that the optimum spacing for criticality of 16ti-g ORR
elements in water is 0.2 in. between locating bosses and that an infinite
array of vertically placed elements one element high would probably be
subcritical with a l-l/2-in. spacing between locating bosses. (For uniform
arrays of adjacent elements in water, variation in the fuel loading per
element between 140 and 200 g made very little difference in the critical
mass. When 132 elements with an average loading of l60 g per element were
closely packed in water in an 11 by 12 element array in which the rows^
were separated with 20-mil-thick cadmium sheets, no appreciable source,
neutron multiplication was observed; nor was there any appreciable
multiplication when both the cadmium sheets and the water moderator were
removed and the array was surrounded, with a 12-in.-thick paraffin reflector
A two-row slab-shaped array with 2k 200-g center elements and U 160-g
elements on each end, all spaced 0.2 in. between locating bosses, was
subcritical, and it appears that two infinitely long rows of 168-g elements
would be subcritical.")
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Critical Experiments with Arrays of ORR and BSF Fuel Elements

The increasing number of pool-type reactors being constructed throughout
this and other countries has emphasized the need for defining the nuclear
parameters which will assure the safe handling and storage of the fuel elements
for these reactors. The important parameter to establish is the maximum number
of fuel elements which will remain subcritical when arranged in patterns ap
propriate to the specific requirements. Although some data on square arrays
are available from experiments performed with the Bulk Shielding Reactor, they
are too limited in scope for general application. A number of experiments were
therefore performed at the Critical Experiments Facility to determine critical
lattices of this type of element.

Elements were available for these experiments from the inventories of
the Oak Ridge Research Reactor and the Bulk Shielding Reactor. They contained
uranium enriched to 93.2# in IJ235 and varied in total U2" content as follows:

2b ORR elements, each containing 200 g of IT55 (18 of these elements were
received near the end of the experiments)

28 ORR elements,, each containing 168 g of XT

28 ORR elements, each containing lto g of IT

70 BSF elements, each" containing 135 - l^O S of u

8 BSF elements, each containing 31 - 109 S of IT55

The heavier loaded elements are always of the most interest for experiments
of this type, but unfortunately only a few 200-g elements were available at the
beginning of this series. As a result, the experiments largely consisted of
various arrangements of l68-g elements. They were first arranged vertically in ?
approximately square arrays, one element high, in water and the spacing between'
elements was varied. The results are'shown in Table 1 and Fig. 1 in terms of the
critical number of fuel elements as a function of the distance between locating
bosses. (The locating bosses are mounted on the end boxes of the elements and
extend laterally on all four sides.) These distances can be converted to fuel-
to-fuel spacings by adding O.kk in. to the distances between bosses parallel to
the fuel plates and 0.l6k in. to the distances between bosses perpendicular to
the plates.

Because of the limited inventory of l68-g elements it became necessary to
combine them with elements having other loadings for the larger spacings between
elements. For the l^in.. spacing, for example, three ll+0-g elements were added
on the edge of an array''.of 28 l68-g elements. For theel-lA-in. spacing, 28
l68-g elements were placed in a ring around six.-200-g-center elements, and 27
lUO-g elements were positioned in an outer ring. Placing the heavier loaded
elements in the center gave the maximum reactivity for the elements available
at the time. This assumption can be substantiated by comparing the difference
in the critical masses of two arrays shown in Table 1 which used approximately
the same number of l68-g elements in combination with lUO-g elements. The
reactivity was lower in the array in which the 1^0-g elements were grouped in the
center of the array rather than dispersed throughout the array.



The curve in Fig. 1 is quite flat for spacings less than 3/8 in., but
it increases rapidly for greater distances. The optimum spacing is about
"2r This corresponds to aO^-in. fuel-to-fuel spacing along aperpendicular
to the fuel plates and a 0.6^-in. spacing along a parallel to the fuel plates.
This agrees fairly well with data on the spacing of u235-enriched uranium-
aluminum slugsl for Which the optimum spacing was found to be about 0.5 in.

The rapid increase in the number of ORR elements required for criticality
at spacings greater than 1 in. indicates that an infinite array one element
high would probably be subcritical with a l-l/2-in. spacing between «*
elements. Since the increase in the number of elements required for criticality
at larger spacings in water is due to the absorption of neutrons that would
otherwise interact between elements, it would appear that the separations
required for the isolation of individual elements would,not vary much with the
element loading. However, no attempt was made to show this experimentally.

The experiments with approximately square arrays also included arrays of
elements in contact. For uniform arrays, that is, arrays of elements having
the same U2?5 loading, variations in the fuel loading pfer element between 1W
and 200 gaffected the critical mass very little although the number of elements
required for criticality differed. This can be shown by comparing the critical
masses reported in Table 1 for arrays with no spacings between locating bosses.
This insensitivity of the critical mass to a variation in the fuel element
loading is not surprising since the H:U235 atomic ratio for l68-g elements in
contact in water is about 370, which is near the optimum moderation for minimum
mass. Hence small changes in the 1^35 loading within the elements would have
little effect on the critical mass. As mentioned above, small changes in the
spacing, that is, less than 3/8 'in., between elements would also have little
effect in the critical mass.

In addition to the experiments reported in Table 1and Fig. t, anumber
of individual experiments were performed to explore other parameters. In one
of these the effect of placing 20-mil-thick cadmium sheets between rows of
closely packed elements in water was determined. The elements, which had an
average loading of 160 gper element, were stacked in an 11 by 12 array with
the heavier elements in the center to obtain maximum reactivity. The cadmium
sheets between the rows were parallel to each other and perpendicular tothe
fuel plates within the elements. No appreciable multiplication of source
neutrons was noted, nor was there any appreciable multiplication observed
when both the cadmium sheets and water moderator and reflector were removed and
the array was surrounded with a 12-in.-thick paraffin reflector.^

A study of slab-shaped arrays was also made with elements moderated and
reflected by water at the optimum spacing of 0.2 in. between bosses. Step
additions of elements were made to a two-row array which remained subcritical

1. Dixon Callihanetal., 1-801(1951) (Classified).
2. The experiment in which no water was used was performed by Dunlap Scott

and J. J« Lynn.



for all additions. The final two-row slab had 2k 200-g elements in ^center
and Ik 168-g elements on each end, atotal of 52 elements. Increases in the
source neuteon multiplication were observed for all additions up to 17 elements
peTrowj however, further additions to this 3U-element array had no appreciable
effect. The addition of three elements in a third row opposite the center of
the 3^-element array was sufficient to make the system critical. From these
results it appears that two infinitely long rows of l68-g elements would be
subcritical. There were insufficient data to determine the reactivity of two
rows of 200-g elements.



Table 1. Critical Ifumber of ORR Fuel Elements in
Approximately Square Arrays in Water

Distance Between Locating Bosses (in.)
Bosses Bosses

Parallel to Perpendicular to
Fuel Plates Fuel Plates

Approximate
Critical Array

Approximate
Critical Mass

(g of t£35)

0

1/8
iA
3/8
1/2
3A

1-lA

1/8
0

o

0

0

1/8
iA

0

0

1/8
iA
3/8
1/2
3A

i-iA

3/16
1/8
lA
3/8
1/2

0

0

0

-g elements
-g elements
-g elements
-g elements
•g elements
-g elements

15-1/2 168
15 168
15 168
15-1/2 168
16-1/2 168
20-1/2 168

l68-g elements with
li+O-g elements on

outside edge of array

l68-g elements with
200-g elements In.

the center of the array and
ll+O-g elements on

outside edge of array

168
168
168
168

-iA 168
-i/k 168
-iA 168

-g elements
-g elements
-g elements
-g elements
-g elements
-g elements
-g elements

168-g elements with
1^0-g elements dis

persed throughout array

l68-g elements with
llt-0-g elements in

the center of the array

I8-3A 1^0-g elements •
13 200-g elements

2575
2510

2515
2575
2775
3^50

5200

9575

2510
2510

2505
2520

2550
25^0
25^5

2575

2622

2615
2620
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1.50

Pig. 1. Critical Number of ORR Fuel Elements in Approximately Square
Arrays in Water as a Function of the Distance Between Locating Bosses.
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