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SUMMARY

The Frascati Neutron Generator (FNG) is a specialised 300 keV, 3 mA direct electrostatic
deuteron accelerator which produces about 5-10^ 14 MeV neutrons per second by D-T
reactions on a tritium-titanium fixed target. This paper concerns the tritium contamination
control and monitoring aspects after some months of testing and a preliminary period of
operation of the plant.
The tritium monitoring system is composed of both on-line and off-line devices to control the
tritium concentration in the atmosphere measured from different parts of the plant: vacuum
exhaust clean up (VECU) system, stack, etc..
The on-line devices are three flux monitors, that sample continuously the air from up to eight
different points in the plant. The passive sampling system is designed to select the chemical
form of tritium and to collect respectively HTO and HT in two different cartridges filled with
an appropriate drying material.
The response of the on-line tritium monitors during the first months of activity are considered
and some results are presented. The management procedures for the off-line tritium
monitoring system are t exposed and discussed; some measurements performed with
atmosphere dehumidifying apparatus of this system are described and the relevant results are
analysed.

RIASSUNTO

II generatore di neutroni di Frascati (FNG) e un acceleratore eletirostatico di deutoni, da
300 keV e 3 mA, che produce circa 5 10^ neutroni da 14 MeV per secondo, aaraverso una
reazione D-T su un bersaglio di titanio-trizio. II presente documento i relativo a controllo e
misura della contaminazione da trizio dopo alcuni mesi di prove ed un periodo preliminare di
funzionamento delVimpianto.
II sistema di misura per il trizio 6 composto sia da dispositivi attivi che passivi e consente di
controllare la concentrazione in diverse parti dell'impianto: depuratore degli scarichi del
sistema da vuoto (VECU), camino, ecc.
I dispositivi attivi sono tre monitor a flusso che campionano continuamente Varia da un
massimo di otto diversi punti nell'impianto. II sistema passivo e progettato in modo da
seleiionare la forma chimica del trizio e raccogliere rispettivamente HTO e HT in due diverse
cartucce contenenti un appropriato materiale essiccante.
Sono presentati alcuni risultati relativi alia risposta fornita dai monitor attivi durante i primi
mesi di attivitd. Sono esposte e discusse le procedure per la gestione del sistema di misura
passivo ed alcuni risultati delle misure ejfenuate con questo sistema sono presentati ed
analizzati.
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TRITIUM CONTAMINATION AND MONITORING AT
THE FRASCATI NEUTRON GENERATOR

1 - THE FNG PLANT

The Frascati Neutron Generator (FNG) HI consists in a direct electrostatic deuteron
accelerator whose beam is focalised on the tritium-titanium layer of the target. The neutron
yield should be of about 510 1 1 neutrons per second and the expected energy, of 14 MeV, is
that due to the D-T reaction. The deuteron accelerator can attains, at its maximum
performance, a current intensity of 3 mA and an energy of 300 keV.
The facility is located inside a shielded room, 11.5 m x 12 m wide, 9 m high; the target is
placed just at the centre of this room. The plant layout is reported in fig. 1.
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Fig. 1 - Plant layout



FNG has been designed in order to fulfil the request of a high energy neutron source suitable
for many applications; the main ones are:

• benchmark experiments to test neutron transport codes and data;
• non destructive activation analysis of materials;
• reference neutrons source for monitors calibration.

From a radiation protection point of view, FNG presents two kinds of problem:

a) external irradiation due both to the prompt and to the delayed radiation from the activated
materials;
b) those due to the presence of tritium in the target.

Tritium contamination is expected to be detected mainly near the target, in the vacuum system
and in the cooling water /2,3/.

2 - CONTROL AND LIMITATION OF TRITIUM CONTAMINATION

According with Italian regulation, the maximum permissible concentration (MPC) of tritium in
HTO form is 2.22-10^ Bq/m^ in the atmosphere of controlled zones and 7.4-10^ Bq/m^
outside these zones. These values agreed with the most recent recommendation of the ICRP
/4, 5/ for the HTO derived activity concentration (DAC) for workers, that is 3-105 Bq/nA To
fulfil this requirement accurate evaluation has been performed during the design phase.
Actually cost-benefit considerations alone don't justify the choice of very low design values
that lead to the adoption of shielding and safety facilities like VECU system.
These criterion has been adopted considering the presence of few houses just outside the
border of the centre and the policy of the Italian licensing agency, which imposes a very low
practical dose constrain for individuals of the public living near accelerators or similar plants.

2.1 - Tritiated target management

The beam target is a copper cylindrical cup, 1 mm thick, that is coated on its internal side with
a titanium-tritium layer. The total tritium activity of each target is 370 GBq. Basing on
published data /6, II, the tritium release to the vacuum system under beam bombardment has
been evaluated to be about 37 GBq/h. A vacuum exhaust cleanup unit (VECU) has been
provided to remove this tritium from the vacuum exhaust, so only 37 MBq/h are expected to
be released in the main ventilation system in the more adverse conditions.
The new targets are received inside sealed boxes filled with inert atmosphere; and are stored in
a glove-box located in the Handling Room until their mounting on the FNG facility. The total
annual release from tritium leakage in this glove-box, intended also for temporary waste
storage, is expected to be 6 GBq/y.
In order to reduce the possibility of surface contamination during the target change, a movable
glove-box suited to be fixed to the end part of the beam tube is available. The use of a glove-
box for target changing resulted very effective to reduce tritium contamination in other neutron



generators 161, but it will perhaps increase the external dose from induced radioactivity to the
operators because of the longer times required for operating within a glove-box.
Assuming 100 target changes per year a total release of 40 GBq/y is expected, that will be
realised directly to the stack by the ventilation system /8/.

2.2 - Cooling system

Tritiated targets will absorb 900 W at full power beam operation, so they must be cooled to
prevent a rapid loss of the tritium. The cooling of the target is obtained by means of a turbulent
water flow on the back side of the target disk. The cooling water washes off some tritium,
mainly immediately after the target change. It was evaluated that each target would release
about 2.2 GBq in the water, a quantity which leads to a total annual release of 220 GBq. Such
a release in an open ioop system would cause an average tritium contamination in the site
process water drain (200,000 rn^/y) of 1.1 MBq/m^, which seems to be absolutely negligible.
On account of some difficulties in licensing procedures a closed loop system was chosen,
containing 0.25 m^ of water. An annual rise of tritium concentration in cooling water of about
880 GBq/m3 is foreseen, giving a total inventory of 2.2 TBq and a tritium concentration of 8.8
TBq/m^ after ten years, i.e. a total of 1000 targets. The cooling water reservoir, the pump and
all the central devices are installed inside a ventilated box.

2.3 - VECU system

In the VECU, the vacuum exhaust is mixed with dry instruments air and passed through a
catalytic recombiner to oxidize all the free hydrogen isotopes; oxidized tritium is then adsorbed
by a molecular sieve.
The complete system, which is shown in fig. 2, is contained in a glove-box near the generator.
The VECU filter can contain a tritium quantity as high as about 18.5 TBq that corresponds to
more than 500 hours of machine operation. The tritium removal efficiency is expected to
exceed 99.9%.

2.4 - On-line monitoring system

In order to control the tritium concentration and to verify the respect of the above design
limits, a real-time monitoring network has been installed in the plant: the three components are:

A. gamma-compensated ionization chamber (Labserco mod. LTM 580)
B. 2 litres ionisation chamber with a maximum of 6 sequential samplers (Berthold mod.

LB6710-2H)
C. discriminating monitor for tritium and activated gases in atmosphere (Berthold mod.

LB110)

In all the above devices the air fluxes across the measurement chamber in order to permit the
detection of the low energy tritium beta particles /9,10/.



The A monitor has two chambers, the first one is sealed and the second is opened to the
fluxing air, the measurement result is the difference between the responses of the two channels.
This method permits to take into account only the effect of radioactive contaminants in VECU
output in order to permit a quick identification of any impairment of tritium containment and
the appropriate remedial actions.
The A monitor is connected to the exhaust air from the VECU system, its response is
important in order to organize the scheduled change of VECU filter. A tritium concentration
higher than the usual background could also indicate that the cleaning efficiency of the VECU
system is no longer acceptable and therefore some intervention is required.
The minimum detectable concentration (MDC) of this monitor is of the order of 100 kBq/rrA
This value compared with the design value of tritium concentration ranging only up to about
18 kBq/m^, makes apparent that the main function of this monitor is to early detect any
unforeseen rise of tritium releases.
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Fig. 2 - VECU system

The B monitor, which can be connected to six different sampling points through a sequential
device, is devoted to the control of the contamination of the air coming from glove boxes and
from the ventilated box of the cooling system.
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The C monitor, is connected to the terminal duct before the stack of the ventilation system to
control the contamination of the air released to the external environment. In this monitor the
air is mixed with a counting gas before it is passed through a proportional counter tube having
a volume of 1.3 litres. Tritium counts are distinguished from those due to other nuclides or
gamma radiation background by means of the method of pulse shape discrimination /11/.
The MDC of tritium for LB110 ranges from 5.4 kBq/m3 in 30 s measuring time to 0.1 kBq/m3

in 24 h measuring time. The spill-over of background channel to the tritium one which is about
7% can significantly deteriorate this figure.

2.5 - Off-line monitoring system

Due to its sampling position, the measurement performed by the C monitor could be
considered as an overall tritium release to the external environment, independently from the
chemical form. Unfortunately during normal operation it is expected that its response should be
too similar to background value to permit an easy and reliable evaluation of the mean tritium
concentration.
To permit the HT-HTO discrimination and the low concentration tritium releases measurement
a suitable off-line monitoring system (Labserco mod. TCA-200), has been added at the same
sampling point. This off-line monitor is a flow controlled system with pumping section, an
oxidizing one and two silica gel cartridges. The sample stream enters in TCA-200 and is drawn
through the first desiccant cartridge to capture the moisture in the air. Both uncontaminated
and tritiated water vapours are collected at this stage. The air sample then passes through two
series connected recombiners in which any elemental tritium present is converted to tritium
oxide and is then captured by the second desiccant bed. The silica gel containers are easily
removable in order to permit the periodic changing.
The measurement of collected tritium in the silica gel could be achieved in different ways /3,
10, 12/; the procedure adopted until now is that of the overall recovery of trapped water
during thermal drying of the silica gel. The granular silica gel is disposed in a vessel and then is
heated in a oven at 150 °C. The water released is condensed in a bottle connected to the vessel
and maintained at low temperature by means of liquid Nitrogen. The procedure is very fast and
reliable, and tests have confirmed that the water collected in the bottle is greater than 93% of
the water originally absorbed by the silica gel. The quantity of tritium contained in the water is
then determined by a measurement with liquid scintillation counter, the MDC is 2.05 kBq/1 (1
ml sample and 600 s measuring time).

2.6 - Contamination of surfaces

In order to keep under control the tritium diffusion in the working environment also the
surface contamination has to be considered and its amount should be evaluated. Unfortunately
this source of hazard is difficult to quantify: only its presence can be detected, on a quasi-
quantitative base, for example by means of the smear-test technique /3, 8,10/.
The tritium surface contamination is expected to be detectable only near the target and near the
machine head, but an unpredictable leakage could be discoverel by a more complete control of
surfaces. Therefore several measurement points have been identified on the machine structures,
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on the floor and on the other working surfaces. With a frequency not smaller than four times
per year, the smear-test technique will be applied in the above points.
The procedure is the following: standard pieces of suitable material, usually glass fibre, are
wiped around each identified point inside an area of about 100 cm2; the smears obtained in this
way are then placed inside separated vials with a scintillating liquid solution. The vials are then
measured in a scintillation counter and the appropriate conversion factor leads to the detected
activity concentration, with a MDC of 0.2 Bq/cm2 (transfer factor = 10%, measuring time =
600 s).

3 - RESULTS AND CONSIDERATIONS

The measurements performed in the first months of machine operation have enhanced that the
atmosphere contamination isn't a problem for this kind of plant.
The tritium on-line monitors have always reported a radiation level equal to their background,
some fluctuation has been clearly identified as due to other contaminant, like radon gas,
coming from the soil and the building materials. This last hypothesis has been verified noting
that the anomalous background was independent from the FNG operation but was strongly
connected with the ventilation cycle. Actually the background of the on-line monitors is higher
when the ventilation is off and decreases when the ventilation is activated, independently from
whether the FNG operates or not (see fig. 3).
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Fig. 3 - Ionization chamber background in different ventilation conditions
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Owing to the sensitivity of the on-line monitors, is acceptable to indicate that the tritium
concentration in the plant atmosphere is not higher than 5-6 kBq/m3. Nevertheless the higher
sensitivity of the off-line monitor permits the registration of a tritium activity discernible from
the background.
The results of the two measurements performed on the water trapped by the silica gel
cartridges are the following:

N.

1

2

Measured in the
sample

HTO
(Bq/g)

760

33

HT
(Bq/g)

160

1200

Released in the
environment

HTO
(Bq)

2.4 108

3.3 108

HT
(Bq)

1.6 108

3.8 109

The different operational parameters of the ventilation system during the two periods is
responsible of the not uniform relationship between the quantities measured and released.
A cooling water sample has been collected during a target changing; its tritium concentration
has been measured with the scintillation counter and the response value has been 16.4 MBq/1.
The MDC for this measurement is 10.25 kBq/1 with a sample of 200 \i\ and a measuring time
of 600 s.
The results of the first smear test performed after some months of machine testing and
preliminary operation have confirmed that the only zones where the surface tritium
contamination can be detected are the machine head and the target holder. All the other
foreseen wiping points don't present until now a detectable tritium contamination. Therefore a
decontamination procedure of the machine head, to be applied before and after the target
changing, has been recommended. Actually the movable glove box assures a good insulation of
the operator during almost all the changing procedure time, but the connection and
disconnection procedures relevant to this box could produce a tritium contamination spread.
So far only one emergency situation has been faced during the plant operation and has been
caused by an oil leakage from a rotating vacuum pump after only few hours of operation. The
control of the oil contamination performed with the movable monitor has been confirmed by
the scintiiiation technique. A sample of the contaminated oil has been mixed with a scintillating
liquid and has been placed in the scintillation counter. The average tritium concentration in the
oil was 126 Bq/g. The pump has been changed and the surfaces have been decontaminated.
During target changing and other maintenance works concerning a vacuum flange
disassembling, a significant tritium contamination of the vacuum chamber was detected. Air
concentration at the operator's position was always negligible.
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