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Abstract 
An epithermal neutron irradiation station for the Boron Neutron Capture Therapy 
(BNCT) will be constructed in the thermal column of the Finnish Triga reactor. 
The first target of the BNCT at FiR 1 is the treatment of malignant brain tumors. 
The epithermal neutrons have the capability to penetrate deep into the brain tissue 
thermalizing at the same time. The thermal neutrons are captured by 10B-nuclei 
situated ideally in the tumor cells only and thus the reaction products destroy 
selectively only the tumor cells. 

The graphite filling of the thermal column will be replaced by a special moderator 
material: AI+AIF3. The moderator material and its thickness has been chosen so 
that the system produces as much as possible epithermal neutrons with low fast 
neutron and gamma contamination. Both fast neutrons and gamma radiation are 
harmful for the patient. To reduce the gamma radiation there is a lead-bismuth 
gamma shield at the outer end of the moderator block. In spite of the low power 
(250 kW) of the reactor the needed epithermal neutron dose to destroy the tumor 
will be accumulated in a reasonable time e.g. 0.5 to 1.5 h. This is possible because 
of the rather short distance between the reactor core and the irradiation target. 

1. Introduction 
In the Boron Neutron Capture Therapy (BNCT) epithermal neutrons are used to 
treat malignant brain tumors. The epithermal neutrons can penetrate deep into the 
brain tissue thermalizing at the same time. Thermal neutrons are captured by 
10B-nuclei situated in the tumor cells. In an ideal case the surrounding healthy 
tissue does not contain any boron atoms. The neutrons split the boron nuclei and 
the reaction products, which have a range, shorter than cell size, destroy very 
selectively tumor cells with their reaction energy. The main (94%) reaction is 

10B + n -» 7Li + a + 2.31 MeV 
7Li -> 7Li + y + 0.48 MeV. 

The necessary conditions for the succesful therapy are high enough epithermal 
neutron flux connected with low fast neutron and gamma contamination and 
selectively in the tumor distributed boron atoms. Considering the distribution of 
boron atoms the essential factor is the ratio of the amount of 10B in the tumor 
tissue to the amount in the surrounding tissues and blood. Suitable boron carriers 
have been developed and better ones are under investigation. Our main interest 
is, however, the optimal design and construction of the epithermal neutron beam 
to the thermal column of the FiR 1 -reactor. 
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2. Epithermal neutron beam 
Thermal neutrons are needed to react with the 10B-nuclei in the tumor. If the 
tumor is situated at the surface of the target tissue, thermal neutrons give the 
best result. If the tumor is deeper in the tissue, more energetic neutrons, epithermal 
neutrons are needed, which can penetrate into the tissue, thermalize there and hit 
the target as thermal neutrons. Fast neutrons should be eliminated, because fast 
neutrons as well as gamma radiation are harmful for the patient. 

Fast neutron dose per unit epithermal fluence was used as the basic criterion in 
searching optimal parameters for the moderator HI. Generally accepted upper limit 
for the said ratio is 2.6 10"13 Gy/epithermal n/cm2. After selection of a certain 
moderator material with high scattering cross section and low absorption cross 
section it is possible to calculate the thickness of the material and the epithermal 
neutron flux keeping the fast flux below the limit. Comparing the achieved epithermal 
neutron fluxes it is easy to find the best material, as can be seen in figure 1. 
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Fig. 1 Results of the 1-dimensional model for some moderator materials suitable 
for BNTC. Epithermal flux and required moderator thickness 

at fast neutron dose limit of 2.6 x 10' Gy/epithermal n/cm . 

According to the calculations the most suitable material is AI+AIF3. Especially for 
a small reactor it is very important to choose the most effective moderator material. 
After the material and its thickness have been fixed the thickness of the lead-bismuth 
gamma shield will be determined. The new arrangement in the thermal column is 
described in figure 2. 
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Epithermal BNCT beam for FiFM 
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Fig. 2 Side view of the BNCT facility 

3. Construction of the irradiation station 
To start the construction of the BNCT irradiation station the fuel elements will 
be transferred from the core to racks on the wall of the tank so that it is possible 
to work inside and near the thermal column cavity. Next all the graphite has to 
be removed from the thermal column. The emptied thermal column will be covered 
with thick aluminum sheets. In the bottom sheet there are plenty of small wheels, 
on which the heavy moderator block can be loaded and unloaded, figure 3. The 
moderator block consists of separate, thick Al and AI+AIF3 sheets installed in an 
aluminium box. 

If the moderator block needs some rearrangements and it has to be removed from 
the thermal column, there will be a water tank available, which can be loaded 
into the thermal column. This way the reactor can be operated without any longer 
interruption. 

In the first stage the irradiation facility is aimed to the verification of the designed 
physical properties of the neutron beam without and with a phantom. If the results 
will be satisfactory, the project can proceed to the next stage, when large animals 
will be irradiated. After that treatment of brain tumor patients will be initiated. 
For this stage the area in the front of the thermal column will be enlarged cutting 
certain parts of the concrete shielding away. 
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Fig. 3 Details of the modertor arrangenment 
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