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Studies of the control and safety of the rea(̂ tor involve 

the static and dynamic thermal-displacement behavior of the 

core elements with increasing reactivity under conditions of 

normal operation or accident. This behavior of the core is 

dependent in a primary way on the detailea design of the fuel 

elements. In view of the improbability that the cast fuel 

elements as conceived for the Initial reference design can be 

successfully made, it appears to be expedient to consider the 

characteristics, as related to safety and control, of a more pro

mising type of fuel element, and therefore to give some thoujht 

to the details of a possible design. 

A fuel element design using fuel alloy in the forms of thin 

flat plates (which appear to be feasible to produce under the 

required conditions) was presented by C. M. Ladd and W. J. Millar 

in a Dow-Detroit memo dated June 17, 1954. im alternative flajt 

plate design proposal is presented here, which, it is Ifelt, retains 

the advantages of the flat plate design referred to, and will be 

simpler to make. 

The g heme of the proposed fuel element is illustrated 

4, which are phptographs of a model which 

or 
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was made to demonstrate certain features of the design. The 

model dimensions are full scale excepting length which is about 

one fifth size. Fuel alloy plates 0.053 inches thick by 5.54 

Inches wide by 30 inches long (prototype length) are enclosed in a 

seam welded stainless steel container. The remaining space in the 

container is filled with sodium to provide a thermal bond. 

Figure 1 illustrates the method of fabrication of the canned 

fuel element model. A dimpled 0.010 inch thick stainless steel 

sheet is seam welded along all edges to a spacing strip which is 

0.055 inch thick by 0.10 inch wide. The spacing strip is bent from 

a straight piece. According to the Intended procedure, this part 

of the container is prefabricated previous to the fuel enclosing 

process. The fuel alloy plate is then dropped into the framed 

dimpled sheet and a flat sheet, 0.01 inch thick, is seam welded 

along all edges to complete the enclosure of the fuel alloy. 

Figure 2 shows the completed fuel plate. 

Forty of these canned fuel plates are then placed, from the 

side, into a 6 inch square tube made of 0.080 inch thick stainless, 

and a side cover is welded in place. Figures 3 and 4 show the 

partially filled box. The lips, v4iich hold the fuel plates in the 

box longitudinally, are formed at both ends of the box before 

assembly of the fuel plates. 

The completed assembly of fuel plates in the box thus forms 

a fuel subassembly in which the flow passages and stability of 

position of the fuel plates aremintained as a result of yae 
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dimples on one side of each fuel plate. A single dimpled sheet at 

one side of the box maintains the coolant passage between the flat 

side of the end fuel plate and the side of the box. The dimples 

are 0.074 inch high and are spaced 0.75 inch apart in a square 

array. This spacing provides adequate resistance against crushing 

of the dimples by the forces of coolant pressure difference and of 

thermal expansion and distortion of tha fuel plates. By proper 

spacing, this crushing strength of the dimples and consequently 

stability of coolant passage size could be maintained even with 

lighter weight can walls in case it is desired to decrease the 

iron in the core. 

The core would contain twenty one of these fuel subassemblies 

arranged as shown in Figure 5. It may be pointed out that the 

subassembly boxes could be made with a rhombus-shaped cross section, 

still using flat plates all of equal size, and these could be 

arranged to form a hexagon shaped core as shown in Figure 6. There 

probably is, however, no large advantage in such an arrangement as 

compared with the square subassembly arrangement shown in Figure 5. 

With the dimensions as used for the model, the core would 

consist of 33^ fuel alloy, 18^ steel and 49^ sodium. The fuel 

alloy thickness of 0.053 inch maintains the same maximum tempera

ture drop through the flat fuel element, for any given rate of 

heat transfer, as exists with the reference design hexagonal fuel 
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elements. (See page II-B-6, Dow-Detroit Project Handbook). However, 

the m.odel dimensions represent a more or, less arbitrary choice. 

Both the fuel alloy and container plates may be made thinner so as 

to im.prove the thermal performance. 

The fabrication of fuel elements of this type may be improved 

and simplified, on a mass production basis, b̂ - using metal forming 

to a greater extent for both the prefabricated and the assembled 

parts. Figure 7 shows the two parts of the fuel alloy container, 

the top part being formed with dimples and flanged edges so that, 

with the fuel alloy plate in place, a flat sheet may be soam welded 

on to complete the enclosure. To obtain a more efficient use of 

space when the plates are placed in the box, and at the same time 

to have a large enough flange along the edges of the can so that 

the seam weld can be properly made, the welded flanges are to be 

bent over along longitudinal lines 1 - 1 (Figure 7) to a shape as 

shown in Figure 8. 

The feasibility of forming the seams in this type container by 

metal folding as used in food canning instead of by seam welding 

should also be considered. 

Some additional details, not shown on the model, must be 

considered. Small holes or tubes into the cans must be provided 

to allow filling with sodium. These may be sealed after filling, 

since the expansion of sodium under operating conditions will be 

accommodated by very small deflecti^ of the can walls between the 

dimples. 
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Estimates of fission product gas diffusion and of recoil from 

the thin surface layers of the 0.053 inch thick alloy plate indicate 

that, after 5 weeks with 5^ burnup of 25, a fission gas pressure 

will build up between the fuel alloy and the container wall which 

is approximately given by 

P 4s 
u 

where u is the average deflection in inches, (between dimples) of 

the container wall. 

In making this rough estimate of fission product gas pressure 

build up, it was assumed that: 

1. The fuel alloy is 18.2 atomic % U^^^, 61.8^ xfi^^ and 
20^ chromium. 

2 

3 

For each fission in U^^^ there is .15 fission in U^^®. 

The average temperature in the hottest plate of the 

accumulated fission product gas is 840°F and of the fuel 

alloy is 1085°F. 

4. At 5 weeks time, the number of accumulated gaseous fission 

product atoms is 40̂ ^ of the total number of fissions, 

5. The diffusion coefficient for the given material and stated 
-14 2 / conditions is roughly 10 cm /sec. 

6. The recoil range of the fission products in the stated 

fuel alloy material is approximately 0.66 x 10 cm. 

Combinins this with the pressure-deflection characteristics of the 

container plate, it is estimated that the maximum deflection to 

accommodate this fission gas will be about 0.020 inch. If more 

detailed study shows that this fission gas pressure and deflection 

is likely,ij:vJ>̂  ̂ jcessive, there ar̂ ^̂ ^̂ fetal ways of solving the Bxcessiv 
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1. A gas pocket may be provided at the top of each fuel plate 

to allow for both expansion of coolant and fission product gas 

collection without excessive pressure build up. 

2. The small sodium filling hole or tube may be left open at 

the low pressure coolant end of each fuel element. This would 

assure that the pressure outside the fuel container would be 

greater than or equal to the inside pressure. In this case some 

radioactive fission products would enter the coolant stream. 

3. If it is not required to fabricate the fuel elements re

motely, it may be feasible to connect the small tubes from each fuel 

plate to a header at the end of each box and then remove the fission 

gasses through tubes connected to each of the 21 headers. If such 

a system can be made, the fuel containers would not have to be made 

leak proof since a lower (than coolant) inside pressure could be 

maintained. In that case, a metal folding fabrication with no 

welding may be advantageous. 

As conceived in the model, sufficient clearance is provided 

between the edges of the fuel alloy plate and the inside edges of 

the containers so that the fuel alloy may expand independently. In 

this case, a couple of stainless steel pins or buttons may be pressed 

into the fuel alloy plate before it is enclosed in the stainless 

container, these pins going through the thickness of the alloy plate 

and located near the center. Thon ,tJ^containor sheets may be spot 
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welded to these pins when the fuel element is enclosed so that the 

lateral and longitudinal position of the fuel alloy will be fixed 

with respect to the container. Otherwise the fuel alloy plate 

should be fitted tightly into the container. 
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Figure 1, Prefi>)ricoted Container, Alloy ' lo te , 
and Cover Plate Pefore Assembly 
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Figure 3 . 
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Square Fuel Plates 
Subassembly! 
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FIGURE 5 
ARRANGEMENT OF SQUiffiE FUEL SUBASSEIfflLIES IN CORE 

Fue l Plate , 

Rhombus-Shaped 
Subassembly 

FIGURE 6 

POSSIBLE ARRANGEMENT OF RHOMBUS-SHAPED FUEL 

SUBiiSSEMBLIES IN CORE 
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FIGfORE 7 

TWO PARTS OF FDEL ALLOT PLATE COHTAINER 

* 

FIGURE a 

CROSS SECTION OF COMPLETED FUEL PLATE 

•• • ••• • • •• • 


