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INTRODUCTION 

The last two years of reactor operation and maintenance at the 
LENA TRIGA MARK II plant of the University of Pavia were characterized 
by a smooth reactor operation and utilization without major troubles. 
Most of the reactor time was devoted to research programs that are 
described in a separate paper. An increasing reactor time was required 
by users outside of Pavia and located in Northern Italy as our reactor 
is still the only research reactor with power greater than 50 Kw 
operating in this area. 

On Nov. 15, 1975 we celebrated the tenth anniversary from the first 
criticality: the plant is still operating properly but some ageing 
problems begin to show up with respect to excess reactivity decrease and 
to electronic equipment. 

The major event in the past two years was the installation in the 
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thermal column of the Euracos II experiment: which was presented at the 
last Conference in Munich, 
The reactor operation license expired in Nov. 1975 at the end of its 
five years term. The beaurocratic procedures to get its renewal are now 
under way. The Italian National Committee for Nuclear Energy (CNEN) 
required a thorough report on the operation and maintenance activity in 
our plant in the past five years including proposals for changing the 
technical prescriptions connected with the operation license. 
Furthermore the CNEN has required a revision of our: Regulations for 
the general operation of the LENA plant, Operation manual for the 
reactor, Regulation for the Health Physics and medical care procedures. 

REACTOR OPERATION AND MAINTENANCE 

The reactor operation period considered in this report ranges from 
July 1974 to June 1976. Reactor operation time, pulses, MWD and burn-up 
data are listed in Table 1. The average reactor operation time in the 
period 1966 - 1974 is about 1200 hours per year, corresponding to 

235 about 12.5 MWD and a burn-up of about 13 g of U. The reduced operation 
time in 1975 and in the first semester of 1976 is due to several reactor 
shutdowns required for the installation of the Euracos II experiments. 
As far as the utilization of the reactor in pulse mode is concerned the 
usual trend of the past four years has continued, i.e., only few 
applications were presented so that the number of pulses is very low and 
mainly due to those carried out during regular maintenance shutdowns to 
check equipment and for calibration purposes. 
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Tables 2 and 3 show the data concerning the fuel elements elongation 
since 1972. As already indicated at the Pavia Conference these data do 
not show a correlation with the in-core position: is possible to 
evidentiate only an increased elongation around the control rods. 

235 However a correlation with the U content of the fuel elements is 
possible as shown in Table 3« 

The Health Physics procedures in the past two years were those 
already described in the preceeding Conferences. All doses to personnel 
were, below the sensitivity of the film-badges (15 mrem/l.5 months for 
fast neutrons and 20 mrem/month for gamma rays). The radioactivity 
measurements of the air particulate samples collected around the LENA 
building are given in Table 4« The data show the gross-beta radioactivity 
at ground level in the time periode July 1974 - June 1976: the reported 
values are within the range observed at the reactor site since startup. 

As already reported in 1972 and 1974 the ageing of the electronic 
equipment often rises minor difficulties to the reactor operation. We 
had hoped to be able to switch to a new full solid state equipment but 
the lack of funding has compelled us to postpone this change to better 
times. However we were able to make a small change: the control rod 
position indicators. The old electromechanical control rod position 
indicators were worn off in their mechanical components and they were 
substituted with digital voltmeters. A stabilized d.c. voltage is 
applied to a potentiometer (helipot) coupled to the rod drive mechanism. 
An aliquot of this voltage taken on the slider is fed into a digital ' 
voltmeter thus measuring its value. As the slider and control rod 

1-13 



position are strictly related, the voltage readout gives the control 
rod position on the base of an appropriate calibration. 

st In the time period July 1 , 1974 - June 30, 1976 the reactor was 
operated for 2648 hrs at 250 Kw steady state, during the same time 
610 applications for reactor use were submitted. The applications may 
be classified in four groups and the distribution of the reactor time 
among these groups is reported in Table 5« Most of the reactor time is 
utilised for radioisotope production used in inorganic chemistry studies 
and for activation analysis purposes,>mostly devoted to environmental 
and forensic applications. The miscellaneous experiments group refers 
to physical, chemical and biological investigations carried out by 
external research workers (outside Pavia) and the increased time 
percentage accounts for being our reactor the only research reactor 
operating in Northern - Italy. 

The ageing of the plant was also evidentiated from the impossibility, 
at the end of a week of reactor operation (40 hours), to keep the power 
constant at 250 Kw: a continuous power decrease was observed on account 
of an inadequate core excess-reactivity. To restore the original excess 
reactivity new stainless steel clad fuel elements were bought from 
General Atomic Co. They were ordered in 1974 and reached Pavia at the 
beginning of 1976. These new fuel elements were supposed to be inserted 
into the core during the summer regular maintenance shutdown. 
Unfortunately General Atomic has sent us the new fuel elements with a 
modified bottom end so that it was not possible to carry out the 
initial measurament of the fuel element length with our inspection tool. 
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An alteration of the tool is thus necessary: the lower plunger will 
be modified to fit both the old and the new bottom end, 

INSTALLATION OF THE EURACOS II FACILITY 

The design of Euracos II facility and the associated research 
programs were introduced two years ago at the Munich Conference, The 
facility consisted in the installation in front of the thermal column 
of an Uranium-235 converter disk with high neutron intensity and a well 
defined spectrum and the building of a shielded irradiation cell 
(tunnel) large enough to allow the insertion of large scale mock-mps. 

To begin with, the original design has been slightly modified: the 
graphite was not removed from the thermal column, the converter faces 
thus the old graphite surface at the end of the column. Also the liquid 
shutter is not going to be installed. This change in the design involves 
a decrease in the neutron flux available at the converter so that it 
will be operated at a reduced power: about 30 watt instead of the 
original 300 watt. Under these conditions the coaling of the converter 
is not required. 

The installation of the rails along which the trolleys carrying the 
converter and the mock-ups move, was the first step of the facility 
assembling, A square fitting was inserted into the housing of the old 
thermal column door to obtain smooth walls in the section of the irradia 
tion cell inside the reactor shielding. The external section of the 
irradiation cell was then built by assembling together large iron and 
heavy concrete blocks to shape the side walls and the ceiling of the 
tunnel. Two sliding doors are inserted in the side walls. They are 
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shielded with heavy concrete and lead bricks and allow the isolation 
of the inner part of the irradiation cell, thermal column and reactor 
core from the external section. The irradiation cell is closed at its 
end by the old thermal column door to which a heavy concrete shield 
was added to fit the irradiation cell cross-section. 

Inside the irradiation cell two rails allow the motion of two 
trolleys, one carrying the converter and the other the mock-ups. The 
motion of the sliding doors and trolleys and the Control of the 
experiments are operated through a control console. 

As the boric acid solution system (liquid shutter) has not been 
installed, the startup and the shutdown of the experiment will be 
carried out by the reactor operation. Thermocouples will be installed 
in the converter and prealarm and alarm signals from them will be 
available in the reactor control room* Some interlocks were inserted 
in the Euracos II facility control console so that the sliding doors 
may be open only if the external door is cloded and may be closed only 
if the experiment trolley is in the outside section of the irradiation 
cell. The external door may be open only if the sliding doors are closed 
and may be closed at any time. 

The installation of the facility was accomplished few weeks ago 
and in these days testing of the facility and preliminary experiments 
are being carried out. 
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T a b l e 1 

Data on reactor operation from 1966 to June 1976 

1966 
1973 1974 1975 

Jan. 1976 
June 1976 

Hours at 
250 Kw 10.150 1.153 937 558 

Pulses 789 1 4 5 

MWD 100.35 11.90 9.76 5.82 

Burn up 
(g of § 3 5 U ) 105.63 12.53 10.27 6.12 
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T a b l e 2 

Average elongation (in mm x 10 ) of aluminum and 
stainless steel clad fuel elements 

Fuel 
element 
position 
(Ring) 

Elongation after 5429 hrs and 11 pulses 
(1/1/1972 - 7/31/1976) 

Fuel 
element 
position 
(Ring) Aluminum clad 

elements 
Stainless steel clad 

elements 

B 
C 
D 
E 
F 

19 
24 
14 
12 

8 
5 

!4 
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T a b l e 3 

Average elongation of aluminum clad fuel 
235 element versus U content 

2 3 5 u 

content 
g 

-2 Fuel elements average elongation (mm x 10 ) 2 3 5 u 

content 
g From 1/1/1972 to 7/31/1976 (5429 h and 11 pulses) 

> 37 21 (8 elements) 

> 36.5 21 (22 elements) 

>35.8 15 (21 elements) 

>35 12 (4 elements) 
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T a b l e 4 

Data of g ross be t a r a d i o a c t i v i t y (of f i s s i o n products) i n the 

a i r a t ground l e v e l around LENA bu i ld ing 

"-
Lowest mean Average of the Highest mean 

Month da i l y value mean d a i l y value da i l y value 
(pCi/m3) (pCi/m 3 ) (pCi/m 3 ) 

1974 

Ju ly 0.041 0.129 0.318 
August (*) (*) (*) 
September 0.011 0 .047 0.125 
October < 0.005 0.024 O.O64 
November 0.007 0 .033 0.216 
December 0.019 0 .051 0.122 

1975 

January < 0.005 0.038 0.114 
February < 0.005 0.055 0.158 
March 0.006 O.O69 0.132 
Apr i l < 0.005 0.066 0.178 
May 0.021 O.O64 0.161 
June < 0.005 0.042 0.247 
Ju ly < 0.005 0.033 0.167 
August (*) (*) (*) 
September 0.006 0.025 0.064 
October < 0.005 0.021 0.141 
November < 0.005 0.033 0.072 
December < 0.005 0.024 0.134 

1976 

January < 0.005 0.021 0.063 
February < 0.005 0.022 0.072 
March 0.005 0.022 0.072 
Apr i l 0.005 0.020 O.061 
May < 0.005 0.024 0.215 
June < 0.005 0.017 0.039 

(") No measurements were b a r r i e d ou t during t h i s month. 
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T a b l e 5 

Reactor u t i l i z a t i o n in the time period 

July 1, 1974 - June 30, 1976 

Experiments Reactor time 
used (hrs) Time percent 

Radioisotopes 
production 482 7.2 

Activation 
analysis 5,329 80.5 

Teaching and 
training 161 2.4 

Miscellaneous 
experiments 653 9.9 
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