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Introduction 
This paper deals with fundamental possibilities (economy, safety, self-regulation) of 
creating an extra-low power reactor facility for heat supply. It contains the results of 
calculations for thermal and fast neutron reactors. The concept of this type of a reactor 
had been developed by the contributors earlier [1,2,3]. 

 
Description of Work 
The task is to analyze the opportunity to create a reactor facility of an extra-low power 
(less than 1MW) for local heat supply. The general concept of this kind of reactor is 
the following: the whole facility is manufactured at the factory and is then transported 
to its destination. The reactor is placed in an isolated cladding that has inlet and outlet 
for coolant, the outlet temperature of which doesn’t exceed 90 оC.The reactor and the 
primary circuit are located inside the isolated vessel. For the purpose of reactor 
reliability and minimization of the scope of maintenance, the facility has no mechanical 
control systems. The reactor lifetime (without refuelling) is not less than 60-80 years 
(of the order of magnitude of time for the buildings that are being supplied with the 
heat). Emergency conditions connected with secondary circuit coolant loss accidents 
causing damage of the reactor vessel, explosion of facility, core melting and discharge 
of radioactive products into the environment are excluded. 
The main concept used to solve the task in question is a low burnup that provides for 
self-regulation with the use of burnable absorbers and a decrease of the fuel factor, 
down to the level of fuel processing cost (in a sense, this resembles rent of fuel with 
insignificant changes of its composition). The main mechanism of the reactor self-
regulation during nominal power operation and variations of the heat consumption is 
negative feedback according to the core temperature, which allows to realize the so-
called «glow» mode of the reactor operation with high core temperature and low 
power level. Bringing the reactor to full power is even more complicated task in a 
technical respect, as it is important to compensate the necessary reactivity margin. 
Taking this into consideration, we have foreseen an installation of a nonrecoverable 
neutron absorbing plug in the reactor that can be immediately withdrawn from the core 
in case of switching to «glow» or to the original mode of reactor operation.  
The necessary neutron-physical and thermohydraulical calculations have been carried 
out for two variants of the reactor core (thermal and fast neutron) and design 
development of structures has been done. 
The first facility (MASTER INPE thermal reactor) is studied more fully and in an initial 
approximation it corresponds to all the requirements. MASTER INPE is a system of 
two circulating loops formed by the reactor, two vessels (external and intermediate), 
two heat exchangers, a pressurizer and pipelines. The reactor core is a beryllium 
matrix that contains fuel elements, the cores of which are made of UBe13 +25% Mg, 



with 40% enrichment. Reflectors are made of beryllium. Thus, the reactor is a 
monolithic unit with a high thermal conductivity (as a matter of fact, single-fuel-element 
reactor). There is a channel for a neutron absorbing plug in the middle of the reactor. 

 
Results 
MASTER INPE reactor can work in a self-regulating mode for the whole period of 
lifetime that amounts to 60 years with heat power of 300kW. In the process of 
operation, reactivity changes do not exceed ±0.06%∆К/К, which is compensated by 
the change of core temperature within the limits of ± 25оС. In case of loss of coolant in 
the second circuit, the temperature rises to 50оС, while power goes down to tenths of 
percent of the nominal one. Economic evaluation has shown that if we rent the fuel, 
increase reactor power by 50% and decrease beryllium mass by 20-30%, then the 
reactor facility can be profitable. 
 
Conclusions 
The performed calculation analysis makes it possible to conclude that reactor facilities 
of extra-low power for the purpose of heat supply can be self-regulating, safe and 
economically feasible. 
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