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Abstract
: ”Eﬁﬁéiiméﬁfé'Wéié @érformed to determine ﬁﬁé“éritiééi"péréﬁé%érs
of aquecus solutions of 93,24 UR35-énrichéd uranyl fluoride ¢ontained
in cylindrlcal annu11 “formed by various cémbinations of aliminum
cyllnders varylng “in"diameter from 2°£6” 30 iny "Im all of "theé experi-
ments “the inside’ cyllnder ‘was lined with a 20-mil”£hiék”cédmiﬁﬁ’éhéét
.and filled with water to a helght of 48 in., and in some’ experlments
a watér reflector was used on thé sides and bottom of the outside
’cyllnder° ‘Thé dats, indicate that for the solution having an H: Y295~
atomic ratic of '50.4 the éritical infinitely high, reflected annulus
would have & minimum thicknéss between 2.5 and 3 in”, while the un-
reflected annulus would have a thickness bétween .75 and b4. 5 in.
The corresponding’ thicknesses for the’ solution hav1ng an H:U235
atomi¢ ratio of 309 would be between 3.5 and 4§ in. for the reflected
annulus and between 4.5 and 5.5 in. for the unreflécted annulus.

-

(56

NOTICE

This document contains information of a preliminary
nature and was prepared primarily for internal use
at the Oak Ridge Nationa! Laboratory. It is subject
to revision or correction and therefore does not
represent a final report. -
The information is not; fo be abstracted,

reprinted or otherwise given pubiic dissemination

without the approval of the ORNL patent bran o

Legal and Information Contro] Department. % G339 001




DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



g LEGAL NOTICE

This report was prepared as an account of Government sponsored work. Neither the United States,

nor the Commission, nor any person acting on beha!f of the Commission: ' )

A. Mgkes any warranty or representation, express 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 ony 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 to the extent that such e'mployee or contractor prepares, handles

or distributes, or provides access to, any information pursuant to his employment or contract
with the Commission.

0\




Critical Parameters for Poisoned Annular Cylinders
Containing Aqueous Solutions of U235

" Information concerning the critical parametefs'of'U2554enriched'uranium
solutions” contained in cylindrical annuli is valuable in the desigrn of ‘éertain
- uranium processing equipment as well as 'in nucléar safety considerations in
{ & uranlum'pfoce531ng”plant’operationsl‘ In a few experiments réported previously
the ‘critical parameters of aqueous solutions of 93. 2%, U235 -enriched uranyl
fluoride (UOgF ) sclutions contained in vessels of annular cyllndrlcal3§eometry
were investlgated at a chemical concéntration” correspondlng to dn H:U2 atomic
ratio of about 73%. “These Jata havé how béen’ extended with experiments performed
w1th solutlons hav1ng H: U255 atomlc ratlos of 50 h and 309 The annull were o
The 'cylinders were fabricated’ from” type 2S ‘aluminum and had wall thicknesses of
-1/16 in. and bottom plate thicknesses of 1/2 in. 1In all of the experlments the
inside ¢ylinder was lined with a 20-mil-thick cadmium sheet and filled with’
water to a héight of 48 in,” Experiménts were pérformed both with and without a
water réflector on the sides and bottom of the outer cylinder but with no top
reflector in any case.

The résults of thesé experiments are summarized in Table 1, and the critical
solution height as a function of thickness of the annulus is shown in Fig. 1 for
both the water-reflected and the unrefleécted annuli hav1ng ‘outside diameters of

' 10, 12,.15, 20 and 30 in. and a solution concentration corresponding to an H: sU235
A atomic ratio of 50.4. Figure 2 is a plot of the corresponding data for an HEU255
) ratio off 309.

The earlier éxperimentsl indicated that the 0.5-in.-thick bottom plate of
these annuli introduces an error in the measured critical heights of about 0.5
cm, increasing the measured heights for the reflected annuli and decredsing it
for the unreflected annuli. The data reported here have not been corrected for
this error. Furthermore, the absence of a reflector aboveé the surfaces of the
otherwise reflécted annuli makés‘the'éritléal“heights reported here too large -
by the reflector savings. This corresponds to a difference in critical heights
of about 3.5 cm for the water-reflected annull° .

4 For all the annuli tested with solutions having an H: U237 atomic ratio of

50.4 the critical-infinitely high, reflected annulus would "have a minimum thlckness

between 2.5 and 3 in. The corresponding infinitely high, unreflected annulus )

for this solution would be between 3.75 and .5 in. thick. The thicknessés of the
. : critical annuli were increased by about 1 in. wheh the H:U235 atomic ratio was

increased to 309. Thus, for this solution the minimum thickness of the “infinitely’

high, reflected annulus would be between 3.5 and 4 in., whilé the minimum thickness
o for the infinitely high, unreflected annulus would beé betwéén 4.5 and 5.5 in. The
| \ data indicate that the thickness of the infinitely high annulus increases with the
) diameter of the outer cyllnder .

l. J. K. Foxé L. W. Gilley, and D. Callihan, "Critical Mass Studies, Part IX.
Aqueous U35 Solutions," ORNL-2367, p. 33 (1958).
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Table 1. Critical Parameters of Enriched U235 Solutions in Cylindrical Annular Geometry

Solution concentration:

g of U per g of solution 0.0812 0.3230
g of y23s per cc of solution 0.0836 0.4813
H:U23% gromic ratio 309 50.4
Specific gravity ’ 1.1051 1.599
Diameter of Assembly vAnnuluvs: _ H.u235 - Critical Values
Outside Inside Thickness Atomic Héighf Volume Mass
(in.) (in.) (in.) Ratio (cm) (liters) (kg of U235)
Effectively Infinite Outside Water Reflector to Height of Fuel
10 2 4 50.4 20.2 9.8 4.7
4 3 50.4 40.9 17.4 8.4
2 4 309 39.1 19.0 1.59
12 2 5 50.4 16.0 11.3 5.4
4 4 © 50.4 21.8 14.2 6.8
6 '3 50.4 48.7 . 26.6 12.8
2 5 309 24,0 17.0 1.42
4 4 309 46.6 30.2 2.53
15 ° 4 5.5 50.4 15.4 16.3 7.9
6 4.5 50.4 19.5 18.7 9.0
8 3.5 ’ 50.4 31,1 25.4 ’ 12.2
10 2.5 50.4 *
2 6.5 309 - 18.3 20.5 1.71
4 5.5 309 22.7 24.0 2,01
6 4.5 309 34.6 33.1 2,77
) 8 3.5 309 *
20 6 7 50.4 13.3 24.5 11.8
8 [} 50.4 15.0 25.5 12.3
10 5 - 50.4 18.4 28.0 13.5
12 4 50.4 26.0 33.7 16.2
14 3 50.4 93.3 96.4 46.4
6 7 309 . 18,5 340 2.85
8 6 309 21.4 36.4 3.04
10 5 309 30.4 46.2 3.86
12 4 309 88.3 114.5 9.57
30 15 7.5 50.4 13.4 45.8 22.0
20 5 50.4 19.0 48.2 23.2
24 3 50.4 91**
15 7.5 309 18.1 61.9 . 5.17
20 5 309 31.6 80.1 6.70



Table 1 (continued)

Diameter of Assembly Annulus H:U235 ' Critical Values
Outside Inside Thicfkness A'O"Tic Height Volume Mass
(in.) (in.) (in.) Ratio (cm) (liters) (kg of U23%)
No Outside Reflector
10 2 4 50.4 _101.5 _ 49.4 23.7
12 2 5 50.4 27.8 19.7 9.5
4 4 50.4 *
2 5 i 309 46.2 32.8 2.74
15 4 5.5 50.4 24.9 26.4 12.7
6 4.5 50.4 - 50.5 48.4 23.3
8 3.5 50.4 *
2 6.5 50.4 19.2 21.5 10.4
2 6.5 309 25.8 28.9 2.42
4 5.5 309 42.9 45.4 3.80
6 4.5 309 *
20 6 7 50.4 19.2 35.4 17.0
8 6 50.4 23.1 39.3 . 18.9
10 5 50.4 36.3 55.2 : T 26.6
12 4 50.4 *
6 7 309 25.5 _ 47.0 . 3.93
8 6 309 35.0 59.6 4.98
10 5 309 *
30 15 7.5 50.4 : 18.8 64.3 31.0
20 5 50.4 38.8 98.3 47.3
15 7.5 309 24.2 82.8 6.92

*Extrapolation of the reciprocal source neutron multiplication curve from a solution height of at least 91 ¢m indi-
cates that these assemblies could not be made critical at any height.

**Extrapolation of the reciprocal source neutron multiplication curve from a solution height of 77.4 cm indicates
that this assembly could not be made critical at a height less than 91 cm, if it could be made critical at all,
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