
IAEA-SM-352/37

SPENT NUCLEAR FUEL INTEGRITY DURING DRY STORAGE ||||||||||||||||||||||||||||||||||||||||||||

Mikal A. McKinnon XA9848875
Paci f ic Northwest National Laboratory, Richland, WA 99352 USA

Leroy Stewart
United States Department of Energy, Washington, DC 20585

Continuing surveillance activities associated with spent fuel used during
cask performance tests at the Idaho National Engineering and Environmental
Laboratory (INEEL) confirms the benign nature of long-term dry storage.
The cask performance tests conducted at INEEL between 1984 and 1991
included visual observation and ultrasonic examination of the condition of
the cladding, fuel rods, and fuel assembly hardware before dry storage.
Subsequent to initial tests, part of the fuel was consolidated. A
qualitative determination of the effect of dry storage and fuel
consolidation has been observed through fission gas release from the spent
fuel rods.

A variety of cover gases and cask orientations were used during the cask
performance tests. Cover gases included vacuum, nitrogen, and helium. The
nitrogen and helium backfills were sampled and analyzed to detect leaking
spent fuel rods. At the conclusion of each performance test, periodic gas
sampling was conducted on each cask as part of a cask surveillance and
monitoring activity. Since 1994, additional surveillance, monitoring, and
gas-sampling activities have been conducted for intact fuel in a CASTOR
V/21 cask and for consolidated fuel in a VSC-17 cask.

This report combines gas sampling information from cask performance tests
and monitoring activities. It documents the condition of the fuel from the
Surry reactor before testing and the effect of testing on fuel integrity as
ascertained through gas sampling during cask performance tests at INEEL
using both intact and consolidated PWR spent fuel. It also includes
results of a prior test using BWR fuel and the REA-2023 cask at Morris,
Illinois. The pretest condition of the fuel and the significant results
obtained from gas sampling during and after performance testing are
described.

Prior to testing four examination methods were used to assess the integrity
of the spent fuel used in the cask performance tests. Methods common to
the PWR and BWR fuel included visual observations (both full-length black
and white videos and color photographs) and analyses of the cover gas in
the cask. In addition to these methods, the BWR spent fuel was examined by
in-basin sipping, and the PWR spent fuel from the VP's Surry Reactor was
examined using an in-pool ultrasonic examination.

All sipping data were compared with background readings to assess fuel
integrity. Sipping results for BWR fuel did not indicate any leaking fuel
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rods in any of the fuel assemblies used in the cask performance tests
either before or after cask testing. In-basin ultrasonic inspections were
performed on the PWR fuel at VP's Surry Reactor to differentiate between
non-leaking and leaking rods by detecting the presence of moisture in the
latter. Only Surry Reactor fuel assemblies with non-leaking fuel rods were
used in the performance tests. PWR fuel assemblies were examined visually
to establish their general condition after shipment to and after handling
at the INEEL hot shop, after cask performance testing, and during
consolidation. Similar visual exams were made of the Cooper BWR fuel
during a cask performance tests. The black-and-white videos taken did not
provide sufficient detail to characterize the crud or very small features
on the fuel rods. They did not reveal any indication of significant
variations in the fuel rods after shipment, handling, and performance
testing. All the fuel assemblies and fuel rods look basically the same when
viewed from outside the assemblies. There was some discoloration of the
fuel rod cladding in the area of the grid spacers, which was expected.
Color photographs showed that a typical orange/reddish crud (probably Fe203)
was evenly deposited on the PWR Zircaloy 2 cladding and fuel assembly
hardware. There were no noticeable changes in the characteristics or
adherence of the crud during handling operations involving the BWR and PWR
spent fuel assemblies.

The cask cover gas was sampled several times during each cask performance
test to evaluate the integrity of the spent fuel rods. Gas sample analysis
included mass spectroscopy and radiochemical gamma analysis. The integrity
of the fuel rods was assessed from the radionuclide concentration based on
gamma spectroscopy. Radiochemical gamma analysis was used to detect
Krypton-85. Two out of four casks loaded with intact fuel (involving about
16,700 spent fuel rods) have shown krypton gas concentrations indicative of
a leaking fuel rod. The amount of Krypton-85 released during a cask
performance test with consolidated fuel (involving about 9800 rods) was
significantly higher (approximately 12 leaking rods) than that released in
previous cask testing with unconsolidated fuel. It is hypothesized that the
greater magnitude of Krypton-85 released in this test and post-test sur-
veillance is because of additional cladding leaks caused by enlargement of
incipient cladding flaws during pulling and flexing of the fuel rods during
the consolidation process. Subsequent storage of the spent fuel over the
past seven to twelve has not resulted in additional leaking fuel rods.
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