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INTRODUCTION

My name is Rodney Knight and I work for Oak Ridge National Laboratory.
Today I'm going to talk more about fabrication at Texas Instruments and what
we plan there for the interim period in this low enrichment program. I have
already purchased 45 percent enriched U3O8 to the specifications we use for
all U3O8 fuel elements manufactured at Texas Instruments. The U3Oa is a high
fired dead burned material minus 100 U.S. standard mesh with a maximum of 25%
minus 325 mesh. The aluminum powder is equivalent to Alcoa 101 and is 90%
minus 325 U.S. standard. We plan to make, at this point, 4 ORR fuel elements
equivalent to the 240 gram elements presently being used at 93% enrichment.

I'm not going to go into the powder metallurgy description. It's been
given two or three times here today. We don't do anything unique or different
than is used for UA1X or most any other powder metallurgy manufacture. Texas
Instruments Fuel Fabrication Plant is 15,000 square feet. It's a semi-
autonomous group in a large manufacturing plant. We have tremendous support
facilities at the site to draw on such as chemistry, metallography, and other
diagnostic tools. The group that we have working is very dedicated. They
work very hard. As an illustration of their capability, we are averaging
97.5% yield in our fuel plates and have been for sometime. Over 90,720 fuel
plates have been used in HFIR with only one small leak. The fuel element with
the leak happily went full life. We did not go back and examine the fuel
element since we didn't figure it was worth our while.

Texas Instruments is a product intensive company that manufactures very
high volumes of different products, and because of this, their technique in
manufacturing is what we call hard tooling. So all of the tools we use at
this site whether it is for HFIR, ORR or HFBR are hard tooling. A fuel plate
never sees a lathe, milling machine, or any other tool of that nature. I have
just a few viewgraphs here that will illustrate some of the types of tooling
we use to kepp away from machining and get high production at as low as
possible cost. Figure 1 shows weighing aluminum powder. It's done in a glove
box more to keep air flow away from the balance than any other reason. The
weighing of the U3O8 is similar and the glove box is for personnel protection.
Figure 2 shows our blender, and I won't try to explain why it works. This is
the only one we have ever found that really blends our powder and does a good
job. Figure 3 shows our powder die on the press, and you can see the
rectangular compact being extracted. Here is the way we make our frames in a
blanking die Figure 4. You will notice there are two holes in the frame. We
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Fig. 1. Weighing Aluminum Powder



Fig. 2. Blending U30g-Al Charger
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Fig. 5. Fuel Plate Billet Assembly



start off with two cores in a frame. Our lot size is 24, but twelve billets
go into the furnace for preheating, at the seventh pass, we cut the two cores
apart and at that point they become individual fuel plates. Figure 5 shows the
loading of the compacts into the frame. We use a loose fit. We can just drop
the cores into the frame with, I think, about 2 mils side clearance and it
works very satisfactorily. Figure 6 shows a forming die. Once you make the
investment for the fuel plate blanking die shown in Figure 7, you can blank
out a fuel plate on the order of about one per minute, to size and to the
tolerances required. Figure 8 shows a unique tool developed at Oak Ridge.
It's a Homogeneity Scanner, It works on the principal of x-ray attenuation
going through an electronic analysis. It actually functions as a no-nogo
guage. Figure 9 is a piece of readout paper from the homogeneity scanner. We
have four ink sprays and they are focused on a spot. If we have a +30% spot
we get a red ink splash. If it is a plus 10% average we get a green ink spot.
Fuel in a No Fuel Zone is blue and -10% is purple. This, incidentally, is a
very accurate and very fine tool. Unfortunately, it is also very expensive.
Figure 10 shows a fluoroscope template. The high density grid lines are used
for locating the cores. You will notice that the high density wires that we
use on the ends are continuous, but along the edges, they are broken into
shore sections so that you can discriminate the wires from the core, and it is
much easier to see that your core is properly located within the lines of grid.
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Fig. 6. Fuel Plate Forming Die
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Fig. 9. Homogeneity Scanner Readout Paper



Fig. 10. Fluuroscope Template



DISCUSSION

BRUGGER (University of Missouri): If your development on higher weight
percent loading turns out to be successful, will TI be able to fabricate
elements for more than the reactors that were listed?

KNIGHT: It's highly unlikely at the moment at least. We're limited to
the 15,000 square feet. Right now we're scheduled through 1981 and NRC has
pretty well restricted us to how much we can do in the plant. So I really
don't see that we can do much more in that plant.

HICKEY (U.K. Atomic Energy): Is your assessment of the amount of uranium
in each individual fuel plate, rather than the variation within a plate, purely
based on the weighing of the powders going into the compound? Do you carry
out any other sort of test?

KNIGHT: Yes it is. NRC requires us to do a gamma scan. However, I do
not use that as a requirement for the fuel element for me. This is for
NRC. What we rely on is the weighing and the analysis that have been done
on the cores and on the fuel plates, or on wet chemistry if you need to find
out how much uranium there was, how much we lost during the compacting opera-
tion, etc.

HICKEY (U.K. Atomic Energy): Do you do any ongoing check dissolutions?

KNIGHT: Yes, NRC is doing that for us.

FEREDAY (Atomic Energy of Canada): If you are after high density, why
don't you use UO2 spheres rather than U~0o as part of the dispersion?

J O

KNIGHT: The only answer I've got is the work that was done in the early
1960s with UO2. It was not very successful and there were reactions between
aluminum and the UO2 that made it quite unsuccessful. Now there may be new
techniques that I don't know about, but at this point, I've got U3O8. It
works. I like it and from the manufacturing point of view, you're going to
fight me to make me switch.
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