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Abstract 

The possibility of a criticality accident in transferring 
irradiated fuel solution from the HRT has been investigated. 
The vessel (a cylinder 19-1/4" in diameter, 30-1/2" high, and 
shielded with 9" of lead) will be loaded with 100 liters of 
solution containing 8 kg of enriched uranium and 250 gm of 
gadolinium, 

The infinite multiplication constant (k ) obtained in the 
solution is less than unity when the uranium°is uniformly dis
tributed, However, if the uranium were to settle, k exceeds 
unity when the concentration is 180 gm u/i. Althoughthere is 
a corresponding increase in the effective multiplication con
stant initially, a maximum value of 0.86 is achieved when the 
uranium concentration reaches 400 gm/,0. 

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. 



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. 
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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 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 r ights, or 

B. Assumes any l iabi l i t ies 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 octing on behalf of the Commission" includes any employee or 
contractor of the Commission, or employee of such contractor, to the extent that such employee 
or contractor of the Commission, or employee of such contractor prepares, dissemmotes, 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 

One hundred liters of irradiated fuel sqlution is to be transferred 

from the 7500 Area in a large, shielded vessel. The solution contains 8 kg 

of enriched uranium (83.1)-$ U ^ ) in an aqueous solution (25$ DgO-75^ HgO); 

250 grams of gadolinium is also present for neutron-poisoning purposes. 

The vessel is a right circular cylinder with dished heads, an inside diameter 

of 19-l/U inches and a height of 30-1/2 inches. This cavity is completely 

surrounded by a 3/8-inch stainless-steel liner, 9-1/8 inches of lead shield

ing, and a 3/8-ineh stainless steel skin. The quantity of solution is 

sufficient to fill the vessel to a height of 21 inches. 

Since the dimensions of the vessel are -large and the shielding acts 

as a reflector, there is some concern over the possibility of the solution 

becoming critical if the fuel were to precipitate and become more concentrated. 

A second problem is the effect on criticality of increasing the D20 concen

tration. In all cases it is postulated that the gadolinium will remain 

uniformly dispersed in the solution. 

RESULTS 

A uniform dispersion of 8 kg of enriched uranium and 250 grams of 

gadolinium in 100 liters of water has an infinite multiplication constant 

of O.59. However, if the uranium settles uniformly while the gadolinium 

remains dispersed, the infinite multiplication constant will exceed unity 

when the uranium concentration is approximately 180 gm/£. On the other 

hand, since the neutron leakage increases as the uranium settles, the effective 

multiplication constant will exhibit a maximum value, 
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To determine whether the solution will achieve criticality as the uranium 

settles, two-group, two-dimensional calculations were performed using the 

*'%' EQUIPOISE^ program on the IBM-704 computer. The configuration and dimensions 

of the vessel are shown in Figure 1. Effective fast group constants for the 

fuel bearing region and the water reflector above it were determined using the 

GNU 3*1—group program. 

The effective multiplication constant as a function of the height of the 

fuel-bearing region is shown in Figure 2. As the concentration of uranium in

creases and approaches i»-00 gm/,0, the effective multiplication constant increases 

to a maximum value of 0.86. When the uranium settles further, the increased 

leakage causes the multiplication constant to decrease. 

The effect of increasing the D-0 concentration is also shwon in Fig. 2. 

Again the maximum multiplication constant occurs at approximately i+00 gm U/i. 

Further, in the vicinity of the maximum, an increase in D^O concentration is 

accompanied by a decrease in effective multiplication constant. 

DISCUSSION OF RESULTS 

The results shown in Fig. 2 indicate that the shipping cask, as shown in 

Fig. 1, may be used to transport the 8 kg of enriched uranium with no possibility 

of becoming critical if the gadolinium remains in solution. In the performance 

of these calculations the following conservative approximations have been made: 
235 1. U was allowed to absorb resonance neutrons and undergo resonance 

fission while the resonance absorptions in TT^ and gadolinium were 

neglected. To illustrate the importance of resonance absorptions, 

at lj-00 gm U/J0 one third of the neutron absorptions occur at resonance 

energies. 



Stainless 
Steel 

0.375 in- Thick 

Lead 
9.125 in- Thick 

50.25 I n . 

page h 

ORNL-LR-Ifcfc.-50569 
UNCLASSIFIED 

Pig. 1 . Schematic of t ransfer vessel 



NO. 340< 1-20 DIETZGEN GRAPH PAPER 
2 0 X 2 0 PER INCH 

EUGENE DIETZGE'. 
MAOC is* U. » A. 

1 . 

8 10 
FUel He igh t , i n . 



- 6 -

2. The presence of thermal poisons other than water and gadolinium 

were neglected. 

3. The Fermi age of neutrons in lead is not well known but was 
2 estimated as 770 cm from some data on mixtures of lead and 

water. To determine the sensitivity of the results to this 

estimate, some of the calculations were repeated using an 
2 

age of 300 cm . The difference in the results was negligible. 

h. If the uranium does settle, it would not do so in a uniform 

manner. The concentration would probably be large near the 

bottom and decrease with height. Since this configuration places 

more fuel closer to the vessel boundaries, the leakage would be 

increased and the multiplication constant decreased. Verification 

of this theory was obtained by calculating the multiplication 

constant of the vessel when the uranium was distributed in a non

uniform manner. The upper 87-1/2$ of the solution contained 

3̂4- gm U/i while the lower 12-l/2# contained 400 gm U/Z. The ef

fective multiplication constant in this nonuniform configuration 

was 0.73 which is well below the multiplication constant associated 

with a uniform concentration of lj-00 gm U/i. 
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