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Within theframework of PIE (Post - Irradiation - Examination) studies
at PSI, we are performing fission gas release measurements on
irradiated fuel pins from Swiss B WR and PWR reactors. Since 1997, a
new puncturing and pumping station has been in use which has
demonstrated stable performance and safety in operation. Since that
time, over 120 gas samples have been taken and successfully analysed,
and exceptionally high accuracy has been achieved
In order to obtain reliability in high burn-up fuel rod puncturing, the
gas sampling and gas flow of a fuel pin with 72 GWrytU burn-up have
been investigated The fuel pin was punctured in the plenum and also
on the opposite side of the pin. The gas flow after puncturing and the
refilling of the fuel pin with helium, to determine the free gas volume,
were recorded on-line and have been compared with corresponding
lower burn-upfuelpin data.

The fuel pin is introduced into the chamber of the puncturing station,
sealed on both sides with flat rubber seals, and finally mechanically
punctured with a steel needle. The gas is released into the gas
chamber, while the pressure is recorded on a plotter up to a constant
gas pressure, at a rate 2 mbarlh, and gas samples are collected for
mass spectrometry. Afterwards, the free volume in the fuel pin is
determined, and the internal pin pressure and amount of released
fission gas are subsequently calculated.

The fuel pins are normally punctured at the plenum end of the pin.
The gas flow diagrams below were taken on-line after puncturing of
the fuel pin.

Gas flow after puncturing
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Three calibrated gas volumes are used to determine the free gas
volume. The three different gas volumes are filled with helium and
the gas pressure and temperature are noted. Afterwards, the gas
puncturing unit with the punctured fuel pin has to be evacuated down
to < 1 X 10" mbar. The times of evacuation of the fuel pin and of the
transfer of the helium from the calibration volumes into the fuel pin
depend on the burn-up of the pin. The time needed for refilling the
pin free volume can be obtained from the gas effusion curve, which is
recorded during degassing after puncturing.

To study the remainder of the gas still left in the fuel pin, the pin also
had to be punctured at the side, near the bottom, to obtain the
necessary information. For these tests, the fuel puncturing hole in the
top plenum had to be sealed, and after puncturing at the side, near
the bottom, gas was collected into two ampoules and analysed by gas
mass spectrometry.
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To determine the free gas volume in the fuel pin, the gas from the
calibrated volumes has to be released back into the puncturing
chamber and the fuel pin. The time of refilling the fuel pin is
dependent on the burn-up. Insight into the gas flow kinetics within a
high burn-up fuel pin can be gained from the pressure-decrease time
curve shown below

Gas reversion into rod for free volume determination
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There is still complete interconnectivity of gas reservoirs through
the entire fuel pin up to high burn-up (e.g. 72 GWd/tlJ)

The free volume in the fuel pin can be determined from both sides
of the pin

After gas collection and long pumping time to determine the free gas
volume, there was still fission gas left a t the bottom of the fuel pin

This investigation and earlier experience have shown that FCK
determination from high burn-up fuel pins is time consuming in
order to obtain the correct data

