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INTRODUCTION

Studies are planned to evaluate
extending the cycle length of the High Flux
Isotope Reactor (HFIR) by increasing the
U content of the fuel elements. One part
of these studies will be the evaluation of the
regulating and safety element worths for
modified fuel elements.

The HFIR reactor is composed of two,
concentric annuli of highly enriched
uranium (HEU) fuel, surrounded radially by
a beryllium reflector. The regulating and
safety elements for the reactor are located in
an annulus between the HFIR core and
reflector and contain three regions: a “black”
strong neutron-absorber region containing
Euy03 dispersed in an aluminum matrix; a
“gray” moderate neutron-absorber region
with tantalum particles in an aluminum
matrix; and a “white” region (or follower) of
perforated aluminum.

RESULTS

Reference | provides isotopic data for
the europium region of the control element
after an irradiation interval of 48,615 MWd.
These data are presented in Table | in the
column identified as “measured”. The
gadolinium content and europium isotopics
present at the measured location (0.5 in.
from the Eu/Ta interface) were calculated by
using a two dimensional, r-z computational
model of the reactor core (the DORT
program, a discrete ordinates method) and
cross sections derived from the ENDF/B-V
data library’. The thermal flux (energy <0.5
eV) at the centerline of the europium region,
0.5 in. from the Ew/Ta interface was taken
from the DORT calculation for a beginning-

of-life configuration and had a magnitude of
1.50(1012) neutrons/(cm?-s) for 85 MW.
Note that while the position of the control
elements varies over the lifetime of a fuel
cycle, this irradiation level corresponds to
24 fuel cycles. Consequently the
assumption of an “average constant” flux
seems reasonable. Table | shows the
calculated europium/gadolinium fractions,
europium isotopics, and “neutrons absorbed
per initial Eu atom” after an irradiation
period of 48,615 MWD. Also shown in
Table | are two parametric studies in which
the thermal flux was varied to first match the
reported “neutrons absorbed per initial Eu
atom” and then varied to match the
measured Eu/Gd fraction.

No information regarding the size of
the sample analyzed is known. The variation
in flux to match “measured” quantities is
within the spatial variation that occurs,
radially and axially, across small distances
in the control elements. Nevertheless, these
variations in flux do not explain the
differences among measured and calculated
isotopics.

Though calculation-to-experiment
agreement shown in Table | is poor,
experience at the reactor has shown that the
worth of the europium region is generally
independent of burnup. This is because even
though the distribution among isotopes and
even elements seems not to be well-known,
isotopes of both elements are strong
absorbers. Furthermore, those portions of
the europium that are 2 in. or more from the
Eu/Ta interface receive relatively little
neutron fluence, and the europium isotopics
are essentially unchanged at EOL (ref. 2).
Consequently the shutdown margin of the
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Table 1. Comparison of calculated-to-measured physics parameters
Calculated
Measured |assumed thermal flux, n/(cmz-s)
Parameter (ref. 1, 0.5 in. from at 0.5 in. from Eu/Ta interface]
Eu/Ta interface)
1.50 (1012)¢ 5.40 (1012yb 3.00 (1012)c
Fraction Eu 86.5 93.4 74.7 86.4
(wt %) Gd 13.5 6.6 253 13.6
Europium | 151, 5.20 33.28 12.95 23.07
1sotopics 57, 8.16 8.44 9.91 10.92
(at. %) —
1535y 66.92 47.85 48.71 47.58
154, 13.77 9.74 25.40 16.85
1555, 5.94 0.59 1.87 118
Neutrons absorbed per 1.07 0.29 0.998 0.56
initial europium atom

I lux from DORTT caleulation for beginning-ot-lile configuration,
briux to yield reported neutrons absorbed per initial europium atom.
CFlux that yiclds measured Gd/Eu ratio.
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