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Abstract 
 
The FiR 1 –reactor, a 250 kW Triga reactor, has been in operation since 1962. The main purpose to run the 
reactor is now the Boron Neutron Capture Therapy (BNCT). The BNCT work dominates the current utilization 
of the reactor. The weekly schedule allows still one or two days for other purposes such as isotope production 
and neutron activation analysis.  
 
According to the Finnish legislation the research reactor must have a nuclear waste management plan. The plan 
describes the methods, the schedule and the cost estimate of the whole decommissioning waste and spent fuel 
management procedure starting from the removal of the spent fuel, the dismantling of the reactor and ending to 
the final disposal of the nuclear wastes. The cost estimate of the nuclear waste management plan has to be 
updated annually and every fifth year the plan will be updated completely. According to the current operating 
license of our reactor we have to achieve a binding agreement, in 2005 at the latest, between our Research Centre 
and the domestic nuclear power companies about the possibility to use the Olkiluoto final disposal facility for 
our spent fuel. There is also the possibility to make the agreement with USDOE about the return of our spent fuel 
back to USA. If we want, however, to continue the reactor operation beyond the year 2006, the domestic final 
disposal is the only possibility. 

In Finland the producer of nuclear waste is fully responsible for its nuclear waste management. The financial 
provisions for all nuclear waste management have been arranged through the State Nuclear Waste Management 
Fund. The main objective of the system is that at any time there shall be sufficient funds available to take care of 
the nuclear waste management measures caused by the waste produced up to that time. The system is applied 
also to the government institutions like FiR 1 research reactor. 

 
 
1. Introduction 
 
The FiR 1 reactor, a 250 kW Triga reactor, has been in operation since 1962. The main 
purpose to run the reactor has been lately the Boron Neutron Capture Therapy (BNCT). The 
epithermal neutrons (0.5  eV – 10 keV) needed for the irradiation of brain tumor patients are 
produced from the fast fission neutrons by a moderator block consisting of Al+AlF3 
(FLUENTAL) developed and produced by VTT. The material gives excellent beam values 
both in intensity and quality and enables the use of a small research reactor as a neutron 
source for BNCT purposes [1]. Over thirty patients have been treated since May 1999, when 
the license for patient treatment was granted to the responsible BNCT treatment organization 
[2]. The treatment organization has a close connection to the Helsinki University Central 
Hospital. The funding of the BNCT-project is coming from a public funding organisation. 
The goal of the funding of the BNCT project is to develop the treatment organisation to a 
profit-making company. VTT as the reactor operator has a long term contract with the 
treatment organisation to produce epithermal neutrons for the patient treatments. 
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The BNCT work dominates the current utilization of the reactor: three or four days per week 
for BNCT purposes and the rest for other purposes such as the neutron activation analysis and 
isotope production. Figure 1 describes the general layout of the BNCT facility at the FiR 1 
reactor. The facility gives a high epithermal neutron field, 1.1×109 n/cm2s with a very low fast 
neutron and gamma component. 
 
During this and the next year (2004 and 2005) the back end solutions of the spent fuel 
management will have a very important role in our activities and in the possibility to continue 
the operation of the reactor. According to our current operating license we have to achieve 
next year (2005) a binding agreement between VTT and the domestic nuclear power plant 
companies about the possibility to use the final disposal facility of the nuclear power plants 
for our spent fuel. In this case we can continue the operation of the reactor as long as there is 
reasonable work to do and the funding is in order. Naturally we can also make an agreement 
with the USDOE within the well-known time limits. 
 
 

 
   Fig 1.  BNCT Facility at the FiR 1 –reactor 
 
 
2. Final disposal solution of spent fuel in Finland 
 
The Finnish nuclear power companies founded in 1995 a separate company Posiva to develop 
the technology and carry out safety analysis and site investigations for implementing the spent 
fuel final disposal. In 1999 Posiva submitted an application for a decision in principle for a 
final repository to be built at Olkiluoto, on the western coast of Finland. Olkiluoto is also one 
of the two nuclear power plant sites in Finland. At the end of the year 2000 the Finnish 
government approved the application and sent it to the parliament for ratification. The 
ratification took place in May 2001. Separate licenses still will be needed for the construction 
of the facility, scheduled to start in 2010, and also for the operation, 10 years later. The 
government alone will grant these licenses and no political aspects are supposed to involve in 
the licenses.  

For the final repository the spent fuel will be encapsulated in airtight copper canisters and 
situated in the bedrock at a depth of 500 m. The safety of this deep underground repository is 
based on multiple natural and engineered barriers. Each canister contains 12 normal fuel 
assemblies from nuclear power plants. The present concept for Triga fuel elements is that the 
elements will be loaded in containers, which have the same outer dimensions as the nuclear 
power plant fuel assemblies. This ensures that the Triga fuel will be easily handled in the final 
disposal facility and loaded in the heavy copper canisters. Figure 2 describes the final disposal 
canisters. 
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Fig 2. Final disposal canisters 

 
 
3.   Nuclear waste management and spent fuel situation at the FiR 1 reactor 
 
In Finland also the research reactor must have a nuclear waste management plan, which 
contains among others a part for spent fuel management. The plan describes the methods, the 
schedule and the cost estimate of the whole spent fuel management procedure starting from 
the removal of the fuel from the reactor core and ending to the final disposal. The cost 
estimate of the nuclear waste management plan has to be updated annually and every fifth 
year the plan will be updated completely. The plan has been based on the assumption that the 
final disposal site will be somewhere in Finland. Now we know that the final disposal facility 
for the spent fuel of the nuclear power plants will be situated in Olkiluoto. The final disposal 
facility is supposed to be in operation in 2020. 

In Finland the producer of nuclear waste is fully responsible for its nuclear waste 
management. The financial provisions for all nuclear waste management have been arranged 
through the State Nuclear Waste Management Fund. The cost estimate of the nuclear waste 
management will be sent annually to the authorities for approval. Based on the approved cost 
estimate the authorities are able to determine the assessed liability and the fees to be paid to 
the Fund [3]. The main objective of the system is that at any time there shall be sufficient 
funds available to take care of the nuclear waste management measures caused by the waste 
produced up to that time. The system is applied also to the government institutions as FiR 1 
research reactor operated by the VTT. 

We have had already for fourteen years an agreement in principle about the possibility to use 
the final disposal facility of one of the Finnish nuclear power companies. Later this agreement 
was transferred to the joint nuclear waste management company Posiva. According to the 
current operation license of our reactor we have to achieve a binding agreement between our 
Research Centre and either Posiva or USDOE about the back end solution of the spent fuel. 
This means that the said agreement in principle is not sufficient any more. The binding 
agreement with Posiva is the only alternative, when we want to continue the reactor operation 
beyond the year 2006. Obviously the idea is that the binding agreement has to be established 
during the time when there are still two possible agreement partners left. Before we can start 
the real negotiations about the final disposal of our spent fuel with Posiva, we have to prepare 
a safety study about the behaviour of the Triga fuel in the final disposal surroundings. 
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The current operation license of our reactor will expire in 2011. It is possible to apply a new 
license at that time. In every case it is very probable that there will be certain waiting time 
from the shut down of the reactor to the opening of the final disposal facility. Therefore there 
have to be a sufficient interim storage for the spent fuel before the transportation to the final 
disposal facility. After enlargement work of the spent fuel storage in 1997 we have 
sufficiently storage capacity for the fuel in the reactor building. So far we have used it as dry 
storage. In addition to the domestic final disposal solution there is still the USDOE alternative 
available until 2006. 

 

4.   Safety of the Triga fuel in the final disposal repository 
 
For later negotiations aiming to the binding agreement we are making safety studies about the 
long term behaviour of the spent TRIGA fuel in the final disposal surroundings. The main 
safety aspects, which have to be analyzed and compared to the spent fuel coming from 
nuclear power plants, are the criticality safety, the solubility of the fuel (UZrHx) in water and 
the existence of some moving and long-lived radioactive isotopes. The TRIGA fuel is much 
more reactive compared to the spent fuel coming from nuclear power plants and therefore the 
TRIGA fuel can not be situated so tightly in the final disposal canister. The Triga containers 
will be situated in the outer zone of the canister and the inner zone will be left empty. In 
practice the empty positions will be loaded with dummy assemblies made of cast iron. The 
criticality safety calculations show, however, that it is possible to load safely all the TRIGA 
fuel elements in one final disposal canister. This is important, because if the criticality safety 
would demand the fuel to be divided to two or more canisters, the expenses would also be 
about twice or more compared to the one canister alternative. 

 

5.   Final disposal of the decommissioning waste 

The nuclear waste management plan is based on immediate dismantlement after the final 
shutdown of the reactor. Experienced personnel will be still available to conduct the 
decommissioning work. The decommissioning waste is supposed to be disposed of in the 
repository constructed in the bedrock of the Loviisa nuclear power plant site at the depth of 
110 m. At the moment preparatory work has been done to clarify the possible problems of the 
decommissioning waste of our reactor in the surroundings of decommissioning waste of the 
nuclear power plant. Our goal is to work out an agreement between VTT and the Loviisa NPP 
about the final disposal of our decommissioning waste in the said repository. 

The decommissioning waste studies concentrate mainly on the long term safety of the 
decommissioning waste disposal. The main part of the active reactor components will be 
packed in concrete packages in the waste disposal facility, which means an additional barrier 
against the ground water flow. Among others the amount and behaviour of some long-lived 
radioactive isotopes like 14C belong to these studies. Triga reactors have typically plenty of 
irradiated graphite in many components. 

 

6.   Conclusions 

At the moment, when the BNCT and other irradiations develop satisfactorily and the funding 
of the reactor is in order, the primary alternative for the spent fuel management is naturally 
the domestic one. It is, however, reasonable to keep so far both of the possibilities still open: 
the domestic final disposal and the return to the USA offered by USDOE. The cost estimates 
of the both possibilities are on the same order of magnitude. At the end of this year (2004) we 
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will be ready to have an opinion about the future of the BNCT and the reactor. Consequently 
we will be able to decide, which of the spent fuel policies will be obeyed. Meanwhile the 
necessary safety assessment concerning the behaviour of the spent fuel in the final disposal 
surroundings will be completed and based on the safety assessment the draft of the binding 
agreement will be written.  
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