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INTRODUCTION 

The TRIGA Mark II reactor of the University of Pavia was operated in the last two 
years on a routine basis, mostly for neutron activation analysis purposes. Moreover 
the reactor was completely shutdown in the first six months of this year to allow the 
dismantling of the NADIR experimental setup, as it will be referred later in this 
paper. 

REACTOR OPERATION 

Information on reactor operation in the time period July 1990 - June 1992 is reported 
in Table 1 with respect to total running hours at 2S0 kW, energy production and bum-
up, as above mentioned no reactor operation is reported for the first half year 1992. 

Table 1 - Data on reactor operation from July 1990 to June 1992 

Jul.-Dec. 
1990 

Jan.-Jun 
1991 

Jul.-Dec. 
1991 

Jan.-Jun. 
1992 

Hours at 250 kW 206 341 182 -

MWD 2.14 3.55. 1.89 -

Burn-up (235U, g) 2.26 3.74 1.99 -
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Reactor users in the time period January 1990 - December 1991 are shown in Table 2. 
The reactor hours utilized by research personnel belonging to different research 
institutions are reported and compared with similar data averaged over the time 
interval 1982 - 1989. Research personnel operating at the University of Pavia has 
utilized almost 67 % of reactor time devoted to irradiation. The comparison with the 
average reactor utilization in the 1982 -1989 period shows an increase in the reactor 
time utilized by research personnel belonging to research institutions different from 
the University of Pavia, both international (European Comunity Research 
Laboratories at Ispra) or national (other Universities). This increasing external 
presence at the L.E.N.A. TRIGA Mark II is related to the fact that our reactor is the 
only research reactor still operating in Northern Italy. This means that whenever 
neutrons are needed to carry on research projects the only chance to have access to a 
neutron source in Northern Italy is to come to Pavia. 

Table 2 - Reactor Users in the time period January 1990 - December 1991 

Users 

Reactor time 
(h) 

Users 1990 1991 Total 
1990-91 

% 
1990-91 

% 
1982-89 

Pavia University 505 539 1044 44.6 32.4 

C.R.A.A.- C.N.R* 287 230 517 22.1 32.8 

European Comunity 
Research Laboratory 

381 202 583 24.9 27.9 

Other Universities 79 75 154 6.6 3.5 

Court of Justice 22 20 42 1.8 3.9 

Total 1274 1066 2340 100.0 100.0 

'National Research Council Center for Radiochemistry and Activation Analysis at 
Pavia University 
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DISMANTLING OF NADIR EXPERIMENTAL FACILITY 

Though the NADIR Experiment had terminated the use of the neutron beam several 
years ago, the dismantling of the experimental setup was started at the beginning of 
this year, in order to bring back the thermal column to the original configuration and 
to allow the setup of a new long term experiment. 

As reported in previous Conference the NADER experiment had been advanced to 
verify the neutron-antineutron oscillation time. The required neutron fluence could be 
provide only by a source located as near to the reactor core as possible and producing 
a neutron beam of considerable cross-section (I m2 at least), such the one originated 
by the TRIC5A MJU-K Si thermal column, 

In order to build the source , most of the column was emptied of graphite and the 
existing biological shield was removed and substituted by a concrete tunnel covering 
the neutron flight path. The general layout of the experiment is displayed in Fig. 1. 

Neutrons coming from the reactor core, after passing through graphite and bismuth 
shields, 9nd after a 4 m path inside a helium filled volume, entered an anucorodal 
pipe 12 mm thick, 1.15 m diameter (air exhausted and shielded against earth mag
netic field). The inner surface of the pipe was lined with borated rubber and with mu-
metal sheets. After a 18.5 ID flight, neutrons crossed a thin graphite target and entered 
the beam catcher opening situated about 8 m after the target. In the target region the 
pipe diameter increased to 2 m. Neutron and gamma ray collimation was provided by 
the pipe itself and a number of concrete and wooden collimators. 

Voids between the pipe and the external shield were filled with polystyrene and 
expanded clay. 

In order to ensure the separation of NADIR experiment from regular reactor operation 
a concrete movable door (shutters) 80 cm thick was interposed 3 m apart from the 
neutron source (reactor core), just before the beginning of the vacuum pipe. 

The dismantlig of this experimental facility started in January 1992. Fuel elements 
were first removed from the core and placed on racks along the tank's wall. Fuel 
elements were left to decay for about 4.5 months before thermal column 
reassembling. 

Meanwhile the removal of shieldings started from shutters to the pipe's ends 20 m 
away from the reactor (Fig. 2 • zone N). In this area shielding materials and pipe had 
been irradiated up to July 1987, when the NADIR experiment was closed. Therefore 
radiation doses were quite low and the work could be accomplished by external 
personnel provided with overalls, gloves, overshoes and mask. They wore also pen 
dosimeters to check adsorbed radiation dose. 
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The LENA Health Physics Service has constantly checked dose intensity, airborne 
radioactivity, removable surface contamination and induced radioactivity in shielding 
materials. 

Dose intensities were usually about 0.2,u-Sv/h and only in few spots dose values up to 
30/u-Sv/h were measured. 

Airborne contamination was continuously checked by pumping the reactor's room air 
through paper and activated charcoal filters. The laters were then submitted to low 
background gamma- ray spectrometry using a HP Ge detector and to gross beta 
counting using a plastic scintillation detector. In no case the presence of man-made 
radioactivity was detected. The same check and the same result were obtained by 
controlling the exhaust air from the plant, collected at the stack. 

Removable surface contamination was checked by smear-tests on concrete shielding 
blocks, on the internal pipe's surface, on the surface of the borated rubber sheets and 
on the steel pipe's supports. All test were carried out over a 300 cm2 surface in the 
sampling areas shown in Fig.2. Radioactivity measurements indicated that" no 
removable contamination was detectable on the surface of controlled materials. 
Furthermore no surface contamination was detected by smear-testing all the surfaces 
in the reactor room. 

The presence of induced radioactivity on the removed materials was checked by 
gamma-ray spectrometry after collecting samples by drilling. The following results 
were obtained: k 

- External shielding material (Barite concrete) t 

Gamma-ray spectrometry carried out on concrete samples of the external shielding 
(Fig. 2 - zone N) has shown the presence of 133Ba (t[/2 = 10.7 y). Samples were 
collected from IS cm to 795 cm from the beginning of the shielding, with a regular 
spacing of 60 cm. Induced IMBa activity vs. distance is reported in Fig. 3 : a very 
good exponential correlation is shown, exhibiting correlation coefficients of 0.97, 
0.98 and 0.96 for left wall, right wall and ceiling respectively. 

- Materials filling the gap between external shielding and pipe 

Gaps between external concrete shielding and the neutron pipe had been filled with 
various materials such as wood, polystyrene and expanded clay. Gamma activity data 
in these materials are shown in Table 3. No activity, beyond natural radionuclides, 
was observed in wood. Nails had been used to join together wood supports. 
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Table 3 - Specific activities of some radionuclides in the filling materials 

Material 
Specific activity 

(Bq/Kg) Material 

«°Co IWCs 152EU 54Mn 

Nails 2958±31 - - 46±12 

Polystyrene 173 ±10 - - -

' Expanded clay 2794±66 369±25 2296±61 -

- Neutron flight channel (pipe) 

Radioactivity due to ^Co and 65Zn (tI/2 = 5.2 y and 345 d respectively) was 
detected in anticorodal samples, the main constituent of the neutron pipe. Samples 
were collected every 50 cm up to 4 m from beginning. At 225 and 400 cm 
respectively, 4 samples were collected at the end points of virtual vertical and 
horizontal diameters. Observed data have shown no differences among different 
samples collected at the same distance, thus indicating a homogeneous neutron flux 
distribution. Again regression analysis evtdentiates a good exponential correlation 
between measured activities and distance, yielding correlation coefficients of 0.997 
for ^Co and 0.92 for ^Zn, as reported in Fig. 4. 

•Lead shield 

A lead shield had been located at the very beginning of the pipe to cut down gamma-
ray intensity. Lead samples collected from this shield were submitted to gamma-ray 
spectrometry and an activity due to "°™Ag ( t ^ = 252 d) was measured as large as 
584Bq/kg. 

- Mu-metal 

The inner part of pipe had been lined with mu-metal sheets to reduce strongly the 
influence of the terrestrial magnetic field. Samples of mu-metal were collected at 2.85 
m and 10.56 m from the beginning and submitted to gamma-ray spectometry. Activity 
due to ^Co was detected and again an exponential correlation with distance was 
obtained (r = 0.86). 

Once that the dismantling of the outer part of the NADIR facility was accomplished 
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and time had passed so that few elements could decay out, work started in the inner 
part, the one between shutters and the reactor tank (Fig.2 - zone M). A close up of 
this area is shown in Fig.S, indicating the different components: graphite, helium 
filled aluminum boxes, wood and bismuth bricks. This items were removed and 
stored in the outside of the facility (see zone E in Fig. 1). 

The thermal column was then rebuilt according to a new configuration to allow the 
new experiment to be performed, as shown in Fig.6. Starting from the end inside the 
reactor tank, a graphite layer (35 cm thick) was positioned, followed by a bismuth 
layer (10 cm thick) to reduce gamma-ray intensity. The old graphite rods were then 
positioned leaving in the central part, on the equatorial plane of the thermal column, a 
cavity whose vertical section has 40 cm width and 20 cm height. The bottom of the 
cavity, towards to the reactor tank, has been lined with additional layers of graphite 
(10 cm), bismuth (10 cm) and again graphite (1 cm). 

The work within the thermal column has been carried out by LENA personnel 
wearing full overalls (including caps), mask with gas filters, overshoes, light and 
heavy duty gloves. Personnel carried also film badge dosimeters, TLDs (Thermo 
Luminescence Dosimeters), direct reading pen dosimeters and TLDs on the arms. The 
adsorbed gamma-ray doses has ranged from 440uSv/h to 1010 uSv/h for whole body 
and from 930,uSv/h to 1550/uSv/h for the hands. Of course, the LENA Health 
Physics Service has checked all phases of the work inside the thermal column, by 
measuring radiation dose intensity, airborne radioactivity, removable surface 
contamination and induced radioactivity on removed items. While removing NADIR 
materials, those intensities ranged from 0.3 mSv/h to 20 mSv/h at the column end 
toward the reactor tank. On the other hand, those intensities ranging from 0.2 mSv/h 
to 20 mSv/h have been measured while assembling the new thermal column 
configuration. 

Particular care has been addressed to the handling of the bismuth bricks, which had 
exposed to neutron irradiation since their installation inside the thermal column. The 
(n, gamma) reaction on ^ B i yields 2l0Bi and then by beta decay 210Po, which is an 
alpha emitter (t1/2 = 138.4 d). However no 210Po and daughters were detected in the 
air particulate collected on filters inside the thermal column and submitted to gross 
alpha counting and alpha-ray spectrometry. 

On the other hand, the same filters counted by gamma-ray spectrometry have shown 
the presence of ^Co and f52Eu whose concentrations were 14.1 and 1.6x10-3 Bq/m3 

respectively. No actions had to be taken since the measured activities are much lower 
than the maximum allowed concentrations in air for professional workers, i.e. 333 
and 444 Bq/m3 respectively. 

Surface contamination, evaluated by smear tests on aluminum boxes and bismuth 
bricks, has shown the presence of 60Co, 65Zn, 124Sb and 152Eu, whose activities are 
reported in Table 4. 
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Table 4 - Specific activity of some radionuclides in thermal column materials 

Specific activity (Bq/KgxlO"2) 

Materials «°Co «Zn •^Sb >»Eu 

Bismuth bricks 3.0 7.5 6.9 -

Aluminum box 5.4 3.8 - 1.5 

NEW THERMAL COLUMN CONFIGURATION 

The new configuration of thermal column is shown in Fig.6. The cavity in the central 
part has been created to allow the irradiation of large biological samples such as 
explanted animal and human livers. This is a peculiar step in a neutron capture boron 
therapy project to be carried out at the University of Pavia. 

In order to avoid an implemented 41Ar production in the void space between shutters 
and the thermal column outer end, the external surface of the thermal column has 
been coated with boral sheets. 

The neutron flux profile, both thermal and epithermal, and cadmium ratio for gold are 
shown in Fig. 7. The flux distribution appears to be adequate to proceed with the 
neutron capture boron therapy experiment. 
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Fig. 7 - New thermal column neutron fluxea 
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