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ABSTRACT 

A summary of reactor operation and maintenance in the time period 
1982 - 1986 is presented and discussed. 

Some problems occurred from instrumentated aluminum cladded ele
ments. Both of them presented damage in the cable tubes and one element 
showed a protuberance in the cladding. They were replaced with 
stainless - steel cladded ones. Both elements were sealed up in stain
less - steel tubes and put away in wells, 3 meters deep, in the reactor 
room floor. 

Some minor problems, correlated to the quite aid instrumentation 
of the console, are reported. 

The reactor activity in the last four years was conditioned by 
the developping of the n - n oscillation NADIR experiment. 

The thermal column was dismantled and rebuilt in consideration 
of the Nadir experiment necessities and this job is described in detail. 

The building containing, .the target and the void pipe, presented 
in 1982 Conference, are now completely operating and the experiment 
is running. 
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INTRODUCTION 

During the last four years the most important activity around 
the LENA Plant was the building and installation of the n-n oscillation 
experiment that started in December 1985. 

Reactor operation was affected especially in the time period 
July 1983 - June 1984 when the reactor hours were strongly reduced. 

The thermal column was completely dismantled and rebuilt, the 
void pipe installed and the first flux measurements were done in 
April 1984. 

Some minor troubles occurred in the core and a not - expected 
shutdown was necessary to remove two instrumented aluminum cladded 
fuel elements. 

Reactor operation 

The reactor operation period considered in this paper ranges 
from July 1982 to June 1986. Reactor operation time, MWD and burn-up 
data are shown in Table 1. During this period 1,272 applications for 
reactor use were submitted. In Table 2 the applications are grouped 
according to the research projects and the distribution of reactor 
time among the groups is reported in Table 3. 
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Bulk shielding tank painting 

As described in the first European Triga Conference, in consequence 
of a crack occurred in the concrete biological shield, in 1969 the 
bulk shielding tank was interely aluminum lined. 

After about ten years, some corrosion phenomena took place as 
described at the Istanbul Conference. 

To prevent furter corrosion the whole aluminum liner was cleaned 
and painted with "Durolux" epoxy and phenolic coating. The results 
after about 2 years are excellent; no evidence of corrosion was 
afterwards observed. 

Substitution of damaged instrumented fuel elements 

Originally all the fuel elements of the LENA reactor were aluminum 
cladded as well as the two instrumented elements containing the thermo
couples essential for pulse mode use. 

After ~' 14,000 operating hours and ^ 700 pulses the thermocouples 
of one of these elements were out of order. The element was substituted 
with a new one stainless steel cladded. After a cooling period, this 
element was inserted in the core as normal fuel element. However, 
with the reactor at full power, an increase in the activity, recorded 
by the particulate monitor, was observed; but no fission products 
were detected. 

It was assumed that the release of activity to the water may 
derive from a failure in the litte tube containing the thermocouples 
cables. 

The element was thus removed from the core; the tube containing 
the cables cut and finally the element stored in a stainless steel 
water - tight container. 
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The second instrumented element did not present any deformation 
or elongation until 1983. 

In 1983 during regular reactor maintenance, looking for fuel 
elements elongation or deformation, it was not possible to extract 
this instrumented element from the upper grid plate, due to a protuberance 
in the upper part of the element. 

In the same time a failure occurred in the little tube containing 
the thermocouples cables. 

A certain difficulty was encountered in extracting the element 
from of the upper grid plate; plier tools were constructed to clasp 
the element and then, after removing all the elements from the core 
and carefully lifting the grid, the damaged element was taken away. 
At the end of the operation the element was stored in a stainless 
steel water - tight container and removed from the tank as for the 
first one. 

In the same time one of the guide tubes of the control rods, 
and exactly the Reg, rod, did not come out from the grid plate; this 
was due to a partial unscrewing of a locking screw in the inferior 
part of the guide tube. 

It was necessary to take off the guide tube from the inferior 
part of the grid plate and rescrew it. A second tool for handling 
the guide tube was constructed to prevent its fall down when removing 
the upper grid plate. 

It was inserted a second stainless steel cladded instrumented 
fuel element recently provided by General Atomic. 

The lectures from the new thermocouples resulted one third less 
than the effective temperatures. The trimmers in the console were 
not sufficient to correct the difference. It was so necessary to introduce 
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between the new thermocouples and the monitor, a linear operational 
amplifier to equalize the lectures of the two elements (fig. 1). 

Insertion of a new irradiation facility 

Due to activation analysis purposes a new irradiation facility 
was inserted in the core. 

An aluminum tube, shaped as a fuel element in the lower part, 
was inserted in the F ring, replacing a dummy element. The tube was 

41 S shaped to prevent neutron streaming and plugged to reduce Ar release. 

Nadir n - n oscillation experiment 

As presented at the Istanbul Conference the neutron source for 
the n - rT oscillation experiment is the thermal column. A large source 
of neutrons, at the highest possible flux, with a certain thermalization 
and the lowest possible gamma flux, was required. 

Triga reactors are quite versatile to host such an experiment 
but some modification of the thermal column was necessary (fig. 2 
- 3). 

First off all the total graphite was removed being sufficient 
for the purpose of the experiment the thermalization due to the graphite 
reflector. 

An aluminum box containing Bismuth and graphite blocks was posi
tioned in correspondence of the core to reduce. the gamma flux thus 
forming a screen of 50 x 60 x 20 cm of Bi and 50 x 60 x 20 cm of graphite. 

) 
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The total weight lying over the Aluminum nose protruding in the 
reactor container due to graphite and Bi is about equal to the weight 
of the same when entirely filled with graphite. 

The low and the upper part of the column were refilled with the 
original graphite blocks. Two empty volumes in both sides of the 
Bi screen, were filled with two aluminum boxes containing He, just 

41 2 
to prevent an overproduction of Ar (92.5 cm high; 1,230 cm large). 

All around the neutron beam a graphite reflector was positioned 
in the outer part of the column. 

A second Al Box, filled with He, was located on the beam to prevent 
41 
Ar formation (97.4 cm x 97.4 cm x 124 cm). 

A third box (118 cm x 151 cm x 113 cm high) He filled was positioned 
and surrounded with graphite and wood. At this point on uniform flux 

9 -2 -1 of 3.73 x 10 n cm s over a flat surface of 50 cm x 50 cm is 
available. 

Two lateral shutters of Baritic Concrete and lead permit to separate 
the reactor from the experiment. In this way it is possible to run 
the reactor separately from the experiment as well to work in the 
Beam Catcher room. 

Beyond the shutters the aluminum pipe runs for 20 meters until 
the beam catcher room in the new building is reached. 

The experiment shielding is made of heavy concrete with density 
3 3.2 g/cm containing baryte and colemanite. 

To dismantle the thermal column, the core fuel elements were 
completely removed and stored in racks located in the reactor water 
tank about 3 meters below the top, in the opposite side of the thermal 
column. 

The radioactivity level at the end of the thermal column was 
600 mR/h (6 mSvh" ). 
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Two groups of 3 people were employed in the work and the adsorbed 
doses are reported in Table 4, as obtained by TLD measurements. 

A thermocouple was positioned in the middle of the Bi screen 
to control its temperature during the neutron irradiation: only few 
degrees higher than the tank water temperature were measured, even 
after running the reactor for many ours at full power. 

For the ventilation of the interstices, the original system of 
ventilation of the thermal column was utilized. 

The only big cavity containing air, is the free space normally 
occuped from the shutters when closed. 

Between the void pipe and the shielding all cavities were filled 
with airtight poliethylene bags filled with air. 

Interconnections between the experiment and the reactor were 
necessary. 

Interblocks and scrams were added to warrant that no person will 
operate in the beam catcher room when the shutters are open and reactor 
running. 

An automatic system provides that the rods magnets are. de-energized 
when the shutters and the door of the beam catcher are open. When 
shutters and door are contemporary open the reactor can't be operated. 

Each person entering in the beam catcher room must have a skittle 
which is taken from a container: a light will be switched off in the 
control room and the reactor operator is aware of the presence of 
somebody in the room. 

An emergency exit is located in the beam catcher room and is 
possible to open it only from inside. An audio an light alarm will 
indicate in the control room that the door is open. 

The opening the master door of the beam catcher room must be 
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consented by the reactor operator. 
Two doors connect the two buildings. They can't be open when 

the reactor is operating (causing scram), to be sure that no interfe
rence is possible between the air of the two building when the reactor 
is on. 

In case of emergency a button will also stop the ventilation 
of the NADIR building. 
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T a b l e 1 

Data on reactor operation from 1982 to June 1986 

Period 1982 1983 1984 1985 Jan. 86 
June 86 

Hours at 250 Kw 769 631 622 839 719 
MWD 8.02 6.57 6.48 8.74 7.49 

235 Burn up (g of U) 8.44 6.91 6.83 9.20 7.88 
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T a b l e 2 

Reactor utilisation in the time period 
January 1, 1982 - June 30, 1986 

Reactor time Experiments Time percent 
(hrs) 

Activation analysis 14,824 75.0 
Radioisotopes 
production 842 4.2 
Forensic 428 2.2 
Nadir experiment 2,529 12.8 
Neutronography 75 0.4 
Neutron spectroscopy 257 1.3 
Teaching and training 18 0.1 
Miscellaneous exp. 791 4.0 

Total 19,764 100 % 
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T a b l e 

Reactor users in the time period January 1, 1982 - June 30, 1986 

r 

Reactor time (hrs) 
Users Total 

1982 19835 1984 1985 1986 
Jan,- June 

Pavia University 1,730 1,444X: 1,357 893 
Other Universities 65 82 60 148 
CNR - CRAA 2,139 983 858 1,163 
Euratom 396 1,776 740 1,034 
Courts of Justice 78 271 39 25 
NADIR 266 27 6 452 

778 
143 
581 
437 
15 

1,778 

Time 
percent 

6,202 31.4 
498 2.5 

5,724 29.0 
4,383 22.2 
428 2.2 

2,529 12.7 

Total 4,674 4,583 3,060 3,715 3,732 19,764 100 % 



T a b l e 4 

Adsorbed doses during thermal column maintenance for 
NADIR experiment 

Head Thorax Hand 
mrem 

S.T. <c. 250 < 225 £'374 
A.P. S 91 4 73 i 108 
E.C. $ 147 ^ 127 £ 190 
R.D. ^ 76 < 43 £ 70 
D.Z. < 69 ^ 4 5 4 72 
F.M. £86 4 59 ^ 9 0 
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Thermocouples amplifier 
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Fig . 3 
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