
2.4 TRENDS IN THE OPERATION OF THE LENA 250 KW TRIGA MARK II 
REACTOR, S. Meloni, A. Cambieri, F. Cingoli, N. Genova (University of Pavia, 
Italy) 

1 . INTRODUCTION 

After five years operation, in November 1970 the TRIGA 
Mark II reactor installed at.the LENA laboratory has been 
definetively licensed by the Italian Atomic Energy Commission 
and the Ministry of Industry. It took so six years to get our 
reactor officially operating. 

A general trend we observed in the past two years is a 
widespread ageing of all the equipment installed in the 
Laboratory, namely electronic equipment, auxiliary apparatus, 
and irradiation devices such as the rotatory specimen rack. This 
ageing of the apparatus means a higher cost of the reactor 
operation and management due to an increasing purchase of spare 
parts, to the alteration of original devices and to the design 
and construction of new pieces of apparatus fitting in the 
existing layaut of the plant. 

As far as the utilization of the reactor is concerned in 
the past two years, we have experienced an increase in the 
number of experiments to be carried out with the reactor. This 
is due either to an increased demand of reactor time from 
research teams of the University of Pavia and to a high request 
of reactor time from external users consequently to the definitive 
shutdown of a 7 Mw Swimming pool reactor in Northern Italy, so 
that our reactor is now the only italian research reactor 
operating in northern Italy with steady state power greater 
than 50 Kw. 
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2. REACTOR OPERATION 

Several parameters characterizing reactor operation from 
January 1, 1966 to June 30, 1972 such as operation time, number 
of pulses, Megawatt - day, and burn-up, are reported in table 1. 
In the past two years the reactor was operated at stady-state 
full-power 3188 hours. In the same period 38 pulses were done 
usually at 250 Mwj in December 1971 an element was damaged 
during elongation measurement and put off-core. 

From the burn-up data it is possible to obtain the amount 
of 2^ 9Pu produced, considering that the 3 " P U quantity is about 
one tenth of 2^5u burned, according to the criteria, suggested 
by the Italian Atomic Energy Commission. 

Because of burn-up it has been necessary to increase the 
number of the in-core elements from the original 61 elements 
when 250 Kw were first reached, to the present 67 elements. The 
increased number is also justified by the fact that some 
aluminum clad fuel elements have been substituted with the less 
reactive stainless steel clad fuel elements (9 elements). Of 
course also the new core geometry secures a $ 3.00 excess 
reactivity. 

The elongation of the fuel elements has been regularly 
measured at least once in a year. The elongations versus the 
in core position are presented in table 2. It is not possible 
to get a correlation with the in-core position, the high 
elongation in the past year for the elements in ring F is due 
to the displacement in ring F of elements usually sitting in 
rings B and C; an increase higher than the average is observed 
for the elements around the transient control rod. If the 
elongations are compared with the 235u content, it comes out 
that the higher is the 3^U content the greater is the elongation, 
as it can be seen in table 3. 

3. MINOR OPERATIONAL DIFFICULTIES 

a) Mechanical difficulties 

Possibly because of ageing the operation of the rotatory 

2-70 



specimen rack (Lazy Susan) is becoming more and more troublesome. 
We have experienced difficulties in the rotatory motion of the 
rack due to polymerization of the lubricating oil, and recently, 
the failure of the nylon gear coupled to the worm gear. To avoid 
polymerization of the lubricating oil and consequently the 
stiffening of the system, we periodically clean up the rack 
according to the procedure developed at the Institute Jozef Stefan 
in Ljubljana. As far- as the motor drive is concerned we have 
come to the decision of substituting the present motor with a 
new one easily available on italian or european markets, along 
with its spare parts. 

b) Electronic difficulties 

When the reactor is in pulse mode, it is possible to pulse 
the reactor while the servo system is inserted. It can then 
happen that after reaching the initial criticality, if servo 
system is left inserted, and going to pulse mode changing the 
linear scale the signal from the linear recorder is greatly 
reduced and the servo system reacts rising the regulating rod: 
the reactor becomes overcritical and a pulse higher than expected 
will occur. 

To get rid of this possibility an interlock preventing the 
shooting of the transient rod when the servo system inserted, is 
now operating. 

We have recently observed that the control rod mechanical 
indicators do not run smoothly because of their wear. 

Better than replacing the indicators with new ones of the 
same type, we have in mind to realize a new indicator system 
based on an.analogical-digital converter with a digital display. 

It is in our programs to have an interlock to disconnect 
the servo system during the calibration of the linear and 
logarithmic recorder. In fact during calibration, if servo is 
not disconnected, power appears decreasing while it is actually 
steady, the consequent uprising of the regulating rood leads to 
a reactor scram. 
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4. HEALTH PHYSICS 

The tasks of the Health Physics group at the LENA plant are 
still those described at the Helsinki conference two years ago. 

As far as personnel protection is concerned no contamination 
cases occurred, neither exposure doses higher than the sensitivity 
limits.of used dosimeters. These limits are 50 mrem/month for 
gamma film-badges and 15 mrem/month for fast neutron film-badges. 
Daily samplings of air particulate are routinely carried out a 
different sites located around the LENA building, in a range of 
150 meters, to measure its radioactivity. 

In table 4 the data of gross beta radioactivity (of fission 
products) in the air at ground level are reported for the time 
period from July 1, 1970 to June 30, 1972. Comparing these data 
with those from reactor startup, it may be seen that the air 
activity has°?&SciHating behaviour with its minimum during fall 
and winter time and its maximum during summer time. In fig. 1 
the average oF the mean daily values is reported since 1965. 
The figure also shows that the highest values of air activity 
have been measured in July 1970 and July 1971. 

Upon a fiscal request of the Italian Atomic Energy Commission 
the zone monitoring system of the LENA building was equiped with 
a battery power supply in addition to the net power supply. The 
new system is inserted in case of failure of the general power 
supply of the building. 

In November 1970 an increase in the air activity inside 
the LENA building was observed in connection with the cleaning 
o£ the rotatory specimen rack. Few days after Lazy Susan cleaning, 
during reactor operation an increase in the airborne activity 
was observed as detected by the air particulate monitor at the 
reactor top. The source of contamination was found in the air 
coming out from the Lazy Susan loading tube. In fact by passing 
some of this air through a filter paper several nuclides were 

7 5 P.1 ^ft ft? 
detected by gamma spectrometry, namely Se, ^Se, -?°Mnf

 0 £ iBr 
and ^^Cl. The contamination was originated from the residual 
benzene and oil used for cleaning and lubricating the assembly. 

2-72 



As a matter of fact some of these nuclides have been detected 
in the clothes used to better clean up each Lazy Susan position 
in a successive cleaning with benzene. On the clothes "^Co, 
59p S ( 65£n and 51cr were also detected. A mixture of benzene 
and oil was later on irradiated and 3Se, 7 5Se, 5 6Mn, 5 1Cr, 6 0Co, 
^ 2Br e ^ CI were detected. After the final cleaning no contamination 
was observed both in the air of the reactor room, and in the air 
coming of the rotatory specimen rack. 

Utilisation 

In the past two years the reactor has been operated 3188 hrs 
as shown in table 1, during the same time 735 applications for 
reactor use have been submitted. By examining these applications 
it is possible to classify them into 6 classes, namely radioiso 
tope production, activation analysis, fission studies, solid 
state physics, radiation chemistry and miscellaneous experiments. 
In table 5 the distribution of the reactor time into the different 
classes is reported together with the percent time for each class. 
Most of the reactor time has been used for radioisotope production 
and activation analysis; solid state physics, radiation 
chemistry and some of the miscellaneous experiments are now 
carried out at the LENA Laboratory upon the mentioned shutdown 
of the 7 Mw reactor in Saluggia in North- Western Italy. 
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a 

T A B L E 1 

Data on.reactor operation from January 1, 1966 to June 30, 1972 

1966 1967 1968 1969 1970 1971 1972 
Tan - June 

Hours 
at 250 Kw 367 927 1442 1820 1340 1557 978 

Pulses 322 318 13 90 13 32 1 

MWD 4.65 9.32 9.55 . 19.24 13.96 16.23 10.18 

Burn-ut 
(g of < ̂ u ) 4.90 9.81 10.05 20.25 14.69 17.08 10.72 



T A B L E 

Average elongation (in 1/100 mm) of aluminum and stainless steel.clad fuel elements 

Ring 
Elongation 

after 1;243 hrs 
and 19 pulses 

(27/7/67 - 25/7/68) 

Elongation 
after 2;505 hrs 

. and 42 pulses 
(25/7/68 - 30/12/69) 

Elongation 
after 1 ,339 hrs 
and 11 pulses 

(30/12/69 - 4/1/71) 

Elongation 
after 1 ,532 hrs 
and 22 pulses 

(4/1/71 - 22/12/71) 

I 
--4 Aluminum j Stainless Aluminum Stainless Aluminum j Stainless Aluminum j Stainless 
Cn clad J steel clad clad steel clad clad j steel clad clad i steel clad 

B . 40 | 19.7 22 ! 1 | .0.5 
C 57 | 29 16.5 3.9 I 1.5 8.1 ! 1.7 
D 30 j 28 2.6 i 9.9 ! 
E 15 j 22 1.2 i 9.2 ! 
F 53 j 19 1.1 i 14.7 ! 



T A B L E 

Average elongation of aluminum clad fuel elements versus 235 U content 

235 
content 

g 

Fuel elements average elongation (1/100 mm) 

from 27/7/67 to 25/7/68 
(1,243 h and 19 pulses) 

from 25/7/68 to 30/12/69 
(2,505 h and 42 pulses) 

from 30/12/69 to 4/1/71 
(1,339 h and 11 pulses) 

from 4/1/71 to 22/12/71 
(1,532 h and 22 pulses) 

I 
ON > 37 

> 36.8 
> 36.5 
> 36.2 
> 35.8 
>35 

34.5 ( 8 elements 
38.2 (13 
28.1 (10 
18.4 (11 
13.3 (10 
35-5 (4 

30.1 ( 6 elements 
30.4 (11 
26 (10 
21.6 (11 
21 (10 
17 ( 3 

2.1 ( 7 elements 
2.5 (12 " 
3.3 (10 
1.3 (10 
1 (10 
1.3 ( 4 

13.7 ( 7 elements 
12.4 (12 
13.1 (10 
10 (12 
1.3 ( 9 
8 ( 4 



T A B L E 4 

Data of gross beta radioactivity (of fission products) 
in the air at ground level around the LENA building 

1970 

Month Average of the mean 
daily value 

(pCi/m3) 

Lowest mean daily 
value 
(p'Ci/m3) 

Highest mean 
value 

(pCi/m3) 

daily 

July 0.58 0.04 3.1 
August (*) (*) (*) 
September 0.16 0.07 0.46 
October 0.08 0.02 0.19 
November 0.08 <0.02 0.15 
December C.05 <0.02 0.09 

(*) No measurements were carried out during this mounth 



Table 4 (continued) 
1971 

Month Average of the mean 
daily value 
(pci/m3) 

Lowest mean daily 
value 

(pCi/m3) 

Highest mean 
daily value 

(pCi/m3) 

January 0.06 <0.02 0.13 
February 0.07 0.02 0.12 
March (*) (*) (*) 
April 0.28 0.05 0.48 
May 0.33 C.07 0.62 
June 0.37 0.23 0.90 
July 0.42 0.12 0.84 
August (*) (*) (*) 
September 0.08 0.03 C.14 
October 0.06 0.02 0.14 
November 0.04 <0.02 0.15 
December 0.05 0.02 0.10 

(*) No measurements were carried out during this mounth 

1972 

Month 
Average of the mean 

daily value 
(pCi/m3) 

Lowest mean daily 
value 
(pCi/iO 

Highest mean 
daily value 
(PCi/m3) 

January 0.07 <0.02 0.77 
February 0.04 <0.02 0.11 
March 0.07 <0.02 0.51 
April 0.07 <0.02 0.38 
May 0.12 0.04 0.33 
June 0.14 0.05 0.25 
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T A B L E 5 

Reactor utilisation in the time 
period July 1. 1970 - June 30, 197? 

Experiments Reactor time 
used (hrs) Time percent 

Radioisotopes 
production 6911 h 17' 55.96°/. 

Activation 
analysis 3026 h 12' 24.50%. 

Fission studies 1559 h 7* 12.62% 
Solid state 
physics 23 h 30' 0.18% 

Radiation 
chemistry 68 h .48' 0.55% 

Miscellaneous 
experiments 759 h 4V 6.15% 
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Fig. 1 - Gross beta radioactivity in the air at ground level near 
the L.E.N.A. building since 1965 
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