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1 INTRODUCTION 

The Finnish Triga reactor has been in operation for 26 years since March 
1962. There are still 57 original Al-clad fuel elements in the core. 
So far we have had only two fuel cladding failures in 1981 and 1988. 
The first one was an Al-clad element and the second one a SS-clad. 
The lew rate of fuel cladding failures has made it possible to use 
continuously also the Al-clad fuel elements. 

Although some conventional irradiations of certain type have been 
repeated successfully tens of times, new and unexpected incidents can 
still take place. As an example an event of a leaking irradiation 
capsule is described below. 

2 LEAKAGE OF AN IRRADIATION CAPSULE 

The reactor was in operation at the normal 250 kW power level. The 
radiation monitor measuring the primary water activity gave an alarm. 
The gamma spectrum of the primary water was checked with a scintillation 
detector and a multichannel analyzer'which belong to the reactor instru
mentation. A new peak, approximately 666 keV was visible on the display 
of the multichannel analyzer but could not be identified. The reactor 
was shut down. 

A water sample was measured with a separate Ge-detector and multichannel 
analyzer and several 80Br and 82Br peaks were observed. 

According to the log-book there was a 20 g KBr sample in the central 
thimble to be irradiated. The sample was removed from the irradiation 
position. It showed out that the main part of the sample's activity was 
missing. The missing part of the activity was obviously still in the 
central thimble. The central thimble was cleaned by sucking water 
out of it. As a result of rinsing the tube there was 40 1 water 
containing about 40 GBq KBr activity. 
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The conductivity of the reactor water had risen from the normal 
1.5 nS/cm, measured before the event, to 2.5 joS/cm after the leakage. 
Next morning the conductivity was again in the normal value. 

The radiation level in the water treatment room containing the ion 
exchange resin rose from the normal 10 \iSvfh to 200 pSv/h. The distance 
between the detector and the demineralizer is about 5 m. After one week 
the radiation level was again near the normal. 

The reactor was kept out of operation two days. After that the reactor 
could be taken again in normal operation. 

The reason for the leakage of the KBr sample was that the sample and the 
aluminium capsule had been already irradiated one week earlier but not 
used at that time. The sample and the capsule were stored in a lead 
shielding where seme drops of water came together with the capsule. In 
these circumstances due to the corrosion several pinholes were formed in 
the aluminium capsule, which caused the leakage of potassium bromide. 

To avoid similar corrosion damages a new statement was added to the 
standing orders of the laboratory: It is not allowed to load an already-
earlier irradiated aluminium capsule into the reactor. A new sample and 
capsule must be prepared instead. 

3 LEAKING FUEL ELEMENT 

After several hours' normal operation the activity meter of primary 
water gave an alarm and at the same time the aerosol monitor shewed 
higher aerosol activity than normal. The gamma spectrum of the aerosol-
monitor's filter was analyzed with a Ge-detector and multichannel 
analyzer and several fission products were identified such as 88Pb and 
138Cs. Next day, when the reactor was in operation, no fission products 
could be found during five hours' operating time. So during the 
following days either seme of the channels gave an alarm or not. At 
last only two hours' time was enough to get the alarms both in the 
primary water activity monitor and in the aerosolmonitor. 

To localize the leaking fuel element a new experimental arrangement was 
developed as shown in the Figure 1. In this method water is sucked just 
above the core, circulated by means of a pump through a half-open 4 1 
container and led back to the reactor tank. In the container the 
fission gases, as 88Kr and 138Xe, escape frcm the water into the air. 
The air is further led to the aerosol monitor. The daughter products of 
the fission gases are then gathered in the aerosolmonitor ' s filter. The 
recorder connected to the aerosolmonitor was used to follow the changes 
in the activity of the filter in each experiment. To start one experi
ment the sucking tube was set above the core on the place to be inspect
ed, a new filter for the aerosolmonitor was changed and the reactor was 
started. First tests were made at the power level of 10 kW. This level 
was enough to localize the leaking element roughly. Later tests were 
made at 100 kW power level, which gave greater signals. The indication 
of the aerosolmonitor was about ten times higher when water was sucked 
above the leaking element compared to that situation when water was 
sucked far away from the leaking element. 
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After the leaking element had been localized to a certain area of the 
core, one suspected element at a time was removed from the core and the 
reactor was operated to check if fission products appear or not. At 
this stage water was sucked in each test from thé nearly same place, 
which produced the maximum indication of fission products. 

Typical tests needed less than 5 minutes' time of reactor operation. 
After several tests the leaking element was found. It took totally 8 
hours during two days to find the damaged element. 

The leaking element was an instrumented, stainless steel cladded fuel 
element with one of the highest burn up values (14 %) in our reactor. 
The leaking point could not be find visually using an underwater TV-
camera. The search tests also confirmed that the leakage was a rather 
small one, because no radiation protection problems occurred when the 
tests were carried out at said power levels. 

The search method described here where fission gases are gathered above 
the core, separated from the water in a small container and detected 
with an aerosolmonitor, showed to be very useful because the method is 
simple and sensitive. It is much more sensitive than e.g. the direct 
water activity measurement due to the concentration of fission products 
to the filter. 
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Figure 1. Experimental set-up for the detection of gaseous fission 
products. 
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