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An irradiation test facility has been designed and built to provide

a test bed for irradiating a variety of miniature fuel plates. The

objective of these tests is to screen various candidate materials as to

their suitability for replacing the fully enriched uranium fuel materials

currently used by the world's test and research reactors with a lower

enrichment fuel material, without significantly degrading reactor operating

characteristics and power levels. The use of low-uranium enrichment (up

to 45%) in place of highly-enriched fuel for these reactors would reduce

the potential for 235U diversion.

This program is in direct support of the Argonne National Laboratory

(ANL) program to develop high-uranium density research and test reactor

fuel to accommodate the use of low-uranium enrichment. ANL coordinates

and manages the national program for the Department of Energy (DOE).

ANL, through DOE, has delegated the responsibility for irradiation

testing of the various candidate fuels to the Oak Ridge National Laboratory

(ORNL).

Fuel materials to be evaluated in the first phase of these screening

tests include aluminum-base dispension-type fuel plates with fuel cores

of (1) high uranium content U^Og-Al being developed by ORNL, (2) high

uranium content UA1 -Al being developed by EG&G Idaho, Inc., and (3)

very high uranium content U3Si-Al being developed by ANL.

A rectangular miniature fuel plate of 115-mm length by 50-mm width

was chosen as the standard size. The facility was designed to accommodate

overall plate thickness of 1.27 and 1.52 mm, with the fuel core dimensions

varying accord\ng to overall plate thickness and a minimal clad thickness

requirement of 0.20 mm. Sixty such miniplates (thirty of each thickness)

can be irradiated in one test facility.

^Research performed under Memorandum Purchase Order No. 31-109-4529
with Argonne National Laboratory under Union Carbide Corporation Contract
W-7405-eng-26 with U.S. Department of Energy.
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The irradiation test facility is designed to fit into a core position

in the Oak Ridge Research Reactor (ORR), a 30 MW water-moderated reactor.

Five separate modules, each containing 12 miniplates, stack one upon

another inside a split holder. The holder, when closed, fits inside a

standard ORR aluminum core piece. This assembly, being the same outside

dimensions as an ORR fuel element, can be placed in any of the fueled

positions of the ORR core. The first irradiation is planned for ORR

core position D-2,1 affording vL.4 x lO14 n/cm2 sec peak total neutron

flux.

The twelve miniplates in each module comprise six of each thickness

in an alternate fashion. The modules are designed to provide a 2.54 mm

wide channel between each plate to serve as a water coolant channel.

The reactor coolant water flows down through all five modules in series.

Plates of the same thickness are all in the same vertical plane through

all five modules, thus ensuring that each 2.54 mm coolant channel is a

constant dimension from the top to the bottom of the experimental section.

Thermal-hydraulic calculations have been made to provide design envelopes

for the miniplate fabricators and to determine into which module location

within the experiment the various miniplates should be installed. A

major criterion is that no boiling is permitted within the reactor.

Because of the reactor flux pattern, Module No. 4 (fourth in line from

the top) sees the peak flux. Therefore, maximum fuel loadings for this

module are restricted to a level that will provide for a surface tempera-

ture of the fuel plate that is ̂ 17°C (^30°F) below the saturation tempera-

ture, VL18°C (^245°F), of the reactor coolant water at that position.

Preliminary calculations have shown that plates with fuel loadings

greater than 2 g/plate of 2^5U will have to be irradiated in Modules 1

and 2. Loadings with less fissile material may be irradiated in any of

the five modules.

We plan to irradiate the various types of miniplates to achieve

burnups of up to ^2 x 10 * fiss/cm^ of fuel, which requires approximately

six months of irradiation at the midplane in the ORR core. During

reactor shutdown periods, the holder can be removed from the core piece,



placed in a special fixture under water along the poolside, and opened

to release the modules. The modules may be removed to inspect the fuel

plates for dimensional changes, blisters, or any other visible defect.

Individual plates may be removed from their slotted positions within a

module for close inspection, removal, or exchanges with another plate in

any other module, if desired. After inspection, the modules may be re-

assembled, placed back in the holder, and back into the core piece for

further irradiation.

At completion of the in-reactor exposure of the miniplates, the

modules containing the plates will be moved to a hot cell for detailed

examination. All irradiated samples will be examined to determine

weight and volume changes and the general condition of external surfaces.

Selected samples will be subjected to destructive postirradiation exami-

nations to fully characterize and evaluate their performance with respect

to microstructural changes and burnup. Ultimately, fuel plate types

with suitable characteristics will be manufactured in full size plates

suitable for testing in the ORE core.

1. T. E. Cole and J. P. Gill, The Oak Ridge National Laboratory
Research Reactor (ORR) - A General Description, ORNL-2240 (January
1957).


