






















































4.6. Radial Power Profile Through a Fuel Pellet

Radial power profile measurements were made along the radii of both U02-Gd203
and 2.46 wt % enriched UOp fuel pellets to determine the degree to which the
presence of Gd203 influences the profile in fresh fuel. For these
measurements, unirradiated pellets were loaded at mid-core height along the

axial centerline of core 5, within a special fuel rod which could be

disassembled. On the day following each irradiation, the sample pellet was

removed. Samples along the radii were taken in one of two ways: (1) drilling

with a small diamond-core bit (producing a core of approximately 0.060-inch

diameter) or (2) by surface etching with acid. These samples were dissolved

in concentrated nitric acid and diluted to exactly 10 ml of volume for

counting. Samples representing the average were made by dissolving the entire

pellet in 200 ml of acid and taking a 10 ml aliquot for counting.

Counting was done with a Ge(Li) spectrometer, and La-140 to U-235 activity

ratios, corrected for decay, were used as the measure of power. Data from

different pellets were normalized by the activity of monitor foils which were

present during each irradiation. Results are tabulated in Tables 4-22 and

4-23 and are plotted in Figure 4-26.

Based on the reproducibility of measurements in the interior of the pellets,

each point-to-average fission ratio has an estimated standard deviation of

approximately 3%. The scatter in the surface measurements of pellets contain

ing Gd?0~ is believed to be due to actual differences in the Gdp03 content at
the pellet surfaces.

4.7. U-238 Resonance Integral Measurements

4.7.1. Experimental Results

Implementing extended-burnup fuel cycles will probably involve using annular

fuel pellets and a gadolinium burnable absorber. Therefore, as part of this

program, room-temperature measurements were undertaken to compare the

uranium-238 resonance integral in solid and annular pellets with and without
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the gadolinium burnable absorber. These measurements constitute the first

known resonance integral measurements for hollow U02 pellets and for U02-Gd?0~
pellets. This task was performed to determine:

1. Whether or not the U-238 resonance integral of annular U09 pellets
10follows Hellstand's correlation for solid U02 pellets , and

2. To what extent the addition of Gd^O., to U02 pellets affects the

U-238 resonance integral.

Six types of pellets were fabricated with various annul us sizes. Each pellet

was 0.3685 +0.0005-inch 0D and was approximately 0.5 inch long. Four pellet

types were composed exclusively of UOp depleted in U-235 (0.2 wt %U-235),
while the remaining two types also contained 7.99 wt % Gd^O,. Table 4-24

gives the dimensions of the pellets for which resonance integral measurements

were made.

A special core configuration, designated core 11, was assembled for these

measurements. A loading diagram of this special core is shown in Figure 4-14.

Sample pellets inside a cadmium-lined capsule were irradiated at mid-core

height in the test location. At least 1.75 inches of water isolated the

sample pellets from the nearest fuel rod of the lattice, thus eliminating

Dancoff shielding and providing a 1/E neutron spectrum in the resonance

region.

As a test to assure that negligible thermal flux was present inside the

cadmium-lined capsule, bare and cadmium-covered gold foils were irradiated

inside the capsule, and a cadmium ratio of 1.006 ±0.005 for the 0.005-inch

thick foils was obtained. A comparison of the thermal-to-resonance capture

cross sections of the foils and the U0~ pellets shows that between 0.1 and

0.7% of the U-238 captures occurring in the U02 pellets of this experiment are

from thermal neutrons. Thermal captures by U-238 in the pellets containing

7.99 wt % Gd^Oo are assumed to be zero since the Gdp03 will further suppress
the thermal neutron flux within these pellets.

A column of five pellets was loaded inside a tight-fitting, cadmium-lined

aluminum capsule that was precisely positioned at core center inside the
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