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ABSTRACT

A brief description is herein presented of the activities
related to fuel elements fabrication for research reac-
tors, starting with U3O8 powder preparation, U3O8 - Al
miniplates fabrication, dummy fuel elements assembling
and disassembling and the reassembling of fuel elements.

INTRODUCTION

On October 13, 1974, the La Reina research reactor went criti-
cal, reaching its nominal power in June 1975. The reactor has been
operating for almost 14 years, using 80% enriched (HEU) UA1X - alloy
type fuel. No failures have been detected and the estimated burnup
of the dicharged fuel elements is about 45%.

Core conversion activities were started in 1979! and these
were arranged into three main steps, namely:

a) Intermediate conversion to 45% enriched uranium fuel (MEU)

b) A program of measurements and computations in nautronics and
therraohydraulics3'4

c) A fuel elements fabrication program

Partial results of a) and b) have been previously reported2 '3' **
therefore, in this presentation attention will be focused on the fuel
elements development program. This would include some information on
on-going repairs of the Lo Aguirre research reactor fuel elements.
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FUEL FABRICATION

The first goal during the fuel fabrication program was to obtain
U3O8 powder with characteristics similar to the Y-12 powder. This program
started in 1982 and Table 1 shows a comparison between Y-12 powder and
powder produced at the CCHEN5'6

Table 1.- Comparison between l^Og powder produced at CCHEN
and at Y-12 plant.
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PARAMETER CCHEN Y-12

Density, g/cc

Surface Area, m2/g

Apparent Density, g/cc

Average Spherical Equivalent Diameter, yra

Treatment Temperature, °C

Time Treatment, hrs.

Once a U3O8 powder with good chemical and physical characteris-
tics was obtained, a program of miniplates fabrication was established
in cooperation with Chilean Universities.

U3O3 miniplates with uranium loadings of up to 3.0 g/cc, meat
thickness between 0.6 and 0.9 mm and plate thickness between 1.5 and
1.7 mm have been fabricated using, among others, the following steps:

Production and characterization of U-jOg powder

- Blending of U3O8 and Al powder

Preparation of the cermet by pressing

Fabrication of frame and covers

Sandwich assembly

- Welding

Hot and cold rolling
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Miniplates were characterized by external dimension measurements,
density measurements, X-ray plate, autoradiography, blister test and metal^
lographic examinations. According to our miniplates specifications, rejec
tion after blister test has been about J>%.

Also, due to internal defects in the meat, rejection has been near
13%.

Given that be required uranium density for the conversion of La
Reina reactor using 20% enriched fuel is about 3.5 gU/cc and that the most
feasible way to increase the uranium loading in the meat is with a disper-
sion fuel type, Uranium alurainides and Uranium silicides have been pre -
pared on a laboratory scale5'7.

Along with the laboratory development of the Uranium aluminides
and silicides a facility for fuel development was implemented at CCHEN
during 1985, with the following equipment:

- X-ray attenuation equipment

- Milling machine

- Heat treatment furnace

- Metallographic laboratory

- Chemical analytical laboratory

Powder characterization equipment

- Press with a capacity of 50 T.

- Shearing equipment

- Rolling mill

- Roller leveler

- Equipment for dimensional measurement

This year's main activity at the fuel development facility was
the repair of the Lo Aguirre research reactor fuel elements. Those were
mechanically damaged due to an inadequate loading system which is no
longer in operation.

For this purpose specifications for reparations were established
and dummy fuel elements were assembled, with CCHEN generated specifica-
tions and the following deviation limits:

- Alignment : < 0.5 mm/m

- Excentricity : < 0.03 mm

- Width : + 0.0 mm

- 0.1 mm
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Structural components for fuel elements are fabricated with AG-3
N.E. Aluminium Alloy.

Mechanical tests have been performed on the holder of the fuel
element, showing they can withstand loads of up to 'WOO (Kgf). Mechani-
cal and hydrostatical tests have shown that with the swaging technique
used to assemble fuel elements, we can exceed specifications requirements
(>2.7 Kg/cm of swaged fuel plate).

The principal steps of the reparation of the damaged fuel ele -
ments are:

a) Structural components fabrication under specifications (side plates,
bolts, spacers and holders).

b) Overall inspection and measurements of the fuel elements before dis-
assembling.

c) Disassembling the fuel elements by machining the side plates, looser^
ing the fuel plates one by one causing them no damage.

d) Fuel plates inspection after disassembling.

e) Fuel plates cleaning.

f) Size, weight and density measurement of the fuel, plates.

g) X-ray plates.

h) External damage assessment.

i) Roller leveling of the plates if flatness is greater than 0.6 mm.

j) Reassembly of fuel elements, leaving aside the most damaged plates
(external damage with a depth greater than 100 um).

ACTIVITIES UNDER DEVELOPMENT

A hot-cell for burnup measurements is being implemented, with aid
from the IAEA. The cell will be in operation next year.

A program for hydraulic tests and measurements on fuel elements in
conjunction with the National Institute for Hydraulics is under
consideration.

A program of cooperation supported by the Comision Nacional de Ener-
gia Atomica (CNEA) of Argentina is currently in progress. It covers
training in basic aspects of fuel design through to the manufacturing
of fuel elements.
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A program for dispersion-type fuel elements development will be pre-
pared this year, for start - up in 1988, after completion of the fuel
production facility (200 T. press and induction furnace).

CONCLUSIONS

Miniature U3O8 - Al dispersion fuel plates, with uranium loading up
to 3.0 g/cc have been fabricated with good results.

The process of fuel assembly is being understood and the main dificu^L
ties found during this stage have been the lack of specifications,
keeping them within the tolerances and the welding of the fuel ele -
tnent.

Fuel elements can be disassembled and reassembled without damage to
the fuel plates.

At this point, we know that the critical path during fuel development
is both the irradiation of fuel and the evaluation of the results in
a relatively short period of time.
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