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INTRODUCTION 

 Compact High Temperature Reactor (CHTR) is 233U-Th fuelled, lead-bismuth eutectic (LBE) cooled and 
beryllium oxide moderated reactor. This reactor with 100 kWth power is being designed to operate at 1000°C to 
facilitate demonstration of technologies for high temperature process heat applications. The reactor core consists of 
nineteen prismatic beryllium oxide (BeO) moderator blocks. These 19 blocks contain centrally located graphite fuel 
tubes. Each fuel tube carries TRISO coated particle fuel based fuel compacts inside 12 equi-spaced longitudinal 
bores made in its wall, Dulera, et al, [1]. The fuel tube also serves as the coolant channel and molten lead-bismuth 
eutectic (LBE) based coolant flows through the coolant channel. The BeO moderator blocks are surrounded by 
graphite reflector blocks. Twenty four (24) downcomer tubes of graphite are provided in the reflector block, Ankur, 
et al [2]. At the top and the bottom of the core, plenums are provided for the exit and the entry of the coolant into the 
core respectively. In normal operation, nuclear heat from the core is removed passively by natural circulation based 
flow of the coolant between the two plenums, upward through the fuel tubes and returning through the downcomer 
tubes. Sodium heat pipes are provided to passively transfer the heat from the hot coolant to the heat utilisation 
vessel, which provide an interface to systems for high temperature process heat applications. The reactor shell is 
surrounded by two gas gaps that act as insulators during the normal reactor operation. A passive system has been 
provided to fill these gas gaps with molten metal in case of any postulated accident. In such a case, gas gaps help in 
dissipating decay power to the heat sink.  

Thermal analyses were carried out to study temperature distributions inside the core cross-section during steady 
state under normal operation. The radiation heat transfer cannot be neglected at this high temperature and has been 
included in the model. The temperature distribution from steady state analysis was used as initial condition for 
analysing the postulated accident scenarios for CHTR. The maximum allowable temperature for TRISO coated 
particle fuel, as reported in IAEA Techdoc-978 [3], is 1600°C. This forms the basis for calculation of maximum 
time elapsed before emergency safety actions are initiated. Three major postulated accident scenarios were analysed: 

Case-1. Reactor power level goes up to 250% of the normal operation power and complete loss of the coolant 
accident (LOCA). The gas gap filling system is assumed to have failed to activate, thus leading to a situation 
where the reactor is without any heat sink. Adiabatic wall conditions were considered for this analysis. 

Case-2. Fast ejection of one of the maximum worth control rods leading to addition of positive reactivity and 
the corresponding rise in the reactor power. The effect of negative feedback due to rise in temperature was 
ignored in this case. The reactor coolant was assumed to have lost its natural circulation due to the resulting 
temperature transients in the core and the gas-gap system was assumed to have failed to activate. 

Case-3. Transient analysis assuming that the reactor has been shutdown but there is failure in the removal of 
decay heat from the fission products. The reactor was assumed to be devoid of any heat sinks, thus 
subjecting the reactor to adiabatic conditions. 

  

Fig.1: Quarter Symmetry model of CHTR core considered 
for analysis 

Fig. 2: Steady state temperature distribution of 
core in degree Celsius  

 

BeO moderator blocks 

Secondary shutdown tube 
(In) 

Inner, Intermediate & outer 
shell 
Downcomers 

Graphite Reflector 

Fuel assembly 

Burn-up compensation rod 

Coolant (LBE) 



 Thorium Energy Conference 2015 (ThEC15) 
October 19-22, 2015, Mumbai, India 

 

RESULTS AND DISCUSSIONS 
 

The fuel temperature variation according to the time for Case-1 & Case-2 postulated accidental conditions can be 
seen from Figure 3. The time taken to reach the limiting temperature of 1600°C for the TRISO fuel is less in Case-2. 
This is expected, since this is a more severe scenario in which the reactor power increases rapidly just after the 
event, decays afterwards and comes down to 300% of the normal power in 500 seconds. Further, reactor power is 
expected to decay and settle at 250% of the normal power. Thus the maximum available time for initiation of safety 
systems is about 2406 seconds i.e. about 40 minutes. The proposed safety systems of CHTR comprise of both active 
and passive type activation mechanisms. The total time for the activation of these systems lie well within this time 
limit. 

For Case-3, the fuel temperature variation with time is shown in Figure 4. The reactor wall conditions are 
assumed to be adiabatic. The radial temperature profile begins to flatten out in the initial stages after raector 
shutdown, which is apparent from the minor graph in Figure 4. The temperature profile is completely flattened after 
24 hrs subsequent to shutdown. Since the decay heat is continuously being generated during this time, the overall 
temperature distribution now begins to increase gradually. The structural materials (ex. BeO, graphite, etc) in CHTR 
have high thermal inertia due to which the rise in the temperature takes places over large period of time. The TRISO 
coated particle reaches the maximum limiting temperature after a period of 47 days. This analysis was carried out 
with stringent boundary conditions, however in practical shutdown conditions, the ambient air will aid in the cooling 
of the reactor vessel. 

 
 

 

Fig. 3: Fuel Temperature variation with time for Case-1 
and Case-2 postulated accident scenarios. 

Fig 4: Fuel and Reflector temperature variation with 
time for Case-3 (prolonged shutdown without cooling) 

 
CONCLUSIONS 

 The thermal & safety analysis of the current design of the CHTR core was discussed in this paper. The 
steady state analysis gave the temperature distribution during the normal operating condition. Transient analyses for 
the most severe postulated accidental scenarios during the reactor operation suggest that the maximum available 
time for initiation of safety systems is about 40 minutes. The shutdown of the reactor with loss of all the heat sinks 
was also analyzed. The fuel temperature in this condition reached the limiting temperature after a period of 47 days.  
 The effect of the current modifications in the reactor design was studied only from the point of view of 
temperature distribution and fuel integrity. A study is planned to be carried out to understand the overall effect of 
these modifications on the coupled reactor neutronic-thermal behavior of the reactor. This work will help in 
updating the reactor power inputs for transient analysis.  
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