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ABSTRACT

This report presents beginning-of-1ife (BOL) data from the first four
months of operation of the six-rod instrumented fuel assembly (IFA)-527 in the
Halden Boiling Water Reactor (HBWR}, Halden, Norway. This assembly is the last
in a series of U.S. Nuclear Regulatory Commission (NRC)-sponsored tests to
verify steady-state fuel performance computer codes. IJFA-527 contains five
identical rods with high-density stable fuel pellets and 0.23-mm diametral gaps
and one rod with similar fuel pellets but with a 0.06-mm diametral gap. All
six rods were xenon-filled to provide simulation of the effects of fission gas
and to enhance the observable effects of fuel cracking and relocation on fuel
temperatures. The assembly operated successfully from July 1, 1980, to
August 15, 1980; and then the reactor was shut down until September 10, 1980.
Sometime during the shutdown, four of the six rods suffered pressure boundary
failure. The decision was made to restart the reactor to collect operating
data with failed rods. This report presents both pre- and postfailure data for
IFA-527.



SUMMARY AND CONCLUSIONS

The NRC/PNL Halden instrumented fuel assembly {IFA}-527 carries six
heavily instrumented test fuel rods that are each filled with xenon gas rather
than the standard helijum gas. The purpose of these xenon-filled rods was to
provide test data related to the worst-case effects of fission gas on fuel tem-
peratures and to enhance the observable effects of fuel cracking and relocation
on fuel temperatures. The purpose of having several rods of identical design
was to assess the variability of relocation and its consequences. Power was
held very low (18.0 kW/m 1ifetime peak power) to maintain fuel temperatures
within the range of commercial reactor experience.

The startup, calibration, and first operating cycle for this assembly were
highly successful. Temperatures from the nominal- and small-gap rods provide a
bracket for the expected temperatures for fission gas-saturated rods; fuel
relocation in the peak-power sections of the rods became evident in the first
month of operation. Enhanced relocation, even at startup, was evident in at
ieast some of the nominal-gap {(230-um) rods by the trend of their elongation
versus power, Finally, the behavior of the five identical nominal-gap rods was
very similar as judged from temperature, elongation, and gas pressure data.

Unfortunately, four of the rods failed during the long shutdown between
August and September 1980. These failures manifested themselves in abnormally
high pressure readings and (simultaneous) abnormally low fuel temperatures. In
spite of the apparent pressure boundary failure and water inleakage, no fission
product Teakage was detected; and the thermocouples appeared to continue
working properly. The latter was confirmed by analysis of transient fuel tem-
perature responses. When postirradiation examination (PIE) is conducted, these
rods will provide valuable insight into the nature of incipient failure and the
possible condition and existence of undetected water-logged commercial reactor
rods.
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INTRODUCTION

This report presents data from the first four months of operation of the
six-rod instrumented fuel assembly (IFA)-527, which was sponsored by the U.S.
Nuclear Regulatory Commission (NRC) and irradiated in the Halden Boiling Water
Reactor (HBWR} in Norway. It is the final assembly in a series of NRC-
sponsored tests to verify steady-state fuel performance computer codes. All
the rods in the series are of the basic BWR-6 design with variations in gap
size, fuel pellet type, fill gas composition, and fill gas pressure.

The first two tests in this Pacific Northwest Laboratory (PNL)(a) series
were IFA-431 and -432. These identical assemblies each contained the same
variations of gap sizes and fuel pellet types, but they were run at different
power levels and to different burnups. The third assembly, IFA-513, was
jointly sponsored by NRC and the Halden Reactor Project. It has six identical
rods with high-density stable UO2 fuel and a nominal pellet-cladding diame-
tral gap size of 0.23 mm but with variations in fill gas composition and
pressure,

The fourth and final assembly in the series--IFA-527--contains five
identical rods with high-density stable fuel peliets and 0.23-mm diametral
gaps; the sixth rod has a much smaller gap--0.06 mm. All six rods were filled
with xenon gas to enhance the observable thermal effects of fuel pellet
cracking and relocation while minimizing the effect of fission gas released.

Measurements were made in IFA-527 and earlier tests on a continuous basis,
providing a record of their variation with both power and burnup; measurements
included:

e fuel centerline temperature and power (steady-state and transient)
e total fuel rod elongation

e fuel rod internal gas pressure.

A major occurrence in IFA-527 was the pressure boundary failure in four ot
the six rods after two months in the reactor. Most of the instrumentation in

(a) Operated for the U.S. Department of Energy (DOE) by Battelle Memorial
Institute.



both failed and unfailed rods survived the pressure boundary failure. The
decision was made to restart the reactor with the failed rods operating to col-
Tect such rare comparative data; in addition, no detectable fission products
had escaped from the assembly. The behavior of the rods before and after fail-
ure is presented in this report; minimal analyses required to put I[FA-527 in
perspective relative to IFA-513, -432, and -431 are also discussed.
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