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INTRODUCTION 

 
 Innovative High Temperature Reactor features with specially designed fuel particles, called TRISO 

coated particles and graphite moderator which permits the reactor to operate at high temperature (950
0
C). It 

is a high temperature liquid salt cooled annular pebble bed nuclear reactor. It is mainly being design to 

produce heat at high temperature which will be utilized to produce hydrogen. The random distribution of 

several thousand TRISO particles in graphite matrix and a surrounding protective layer form fuel element, 

called fuel pebble, which are allowed to move in the molten salt coolant from bottom to top of the cylindrical 

reactor core under natural circulation. This concept combines the features of HTR fuel and moderator design 

with molten salt coolant with high heat capacity and heat transport characteristics as compared to helium 

coolant [1]. In this paper, a study has been carried out to design a fuel pebble for utilizing thorium in a 

molten salt cooled and graphite moderated and reflected Innovative High Temperature Reactor (IHTR-

20MWth). An attempt is made to maximize the conversion of 
232

Th to 
233

U under the constrain of 

maintaining negative reactivity coefficient like Fuel Temperature Coefficient (FTC), Coolant Void  

Reactivity (CVRC) coefficient. This is done by first studying the effect of heavy metal loading and 
233

U 

weight fraction on the infinite multiplication factor by varying the radius of fuel kernel and packing density. 

After this, variation of conversion ratio and reactivity coefficients with fuel depletion has been studied.  

Further, the influence of dummy pebbles of graphite per fuel pebble on infinite multiplication factor is also 

analyzed. As HTR presents double heterogeneity effects, introduced by lumping the fuel particles and 

random distribution in the graphite matrix, which requires different treatment as compared to single 

heterogeneity involve in LWR and PHWR etc. An open source code Dragon version-4 code provides explicit 

treatment for this effect in deferent tracking modules like Sybilt, Excelt and Next [2]. Collision probability 

based module Sybilt is used in the present analysis with subgroup treatment of self shielding presented by 

resonant isotopes. Draglib format ENDFB library with 295energy groups is used in current study as it was 

found in reference [3] that 295group results in better agreement with the Monte Carlo reference value 

compared to 172group. 

 

 RESULTS AND DISCUSSION 

 
   At first, heavy metal loading is varied (from 0.4g to 29g) by means of either an increase of the fuel 

kernel radius (from 0.01cm to 0.044cm) or an increase of the packing fraction (from 0.4% to 31%) of TRISO 

particles. The design specification limit is 30g HM loading per pebble [3]. For a same heavy metal loading 

per pebble, change in K-inf has been compared for a larger or smaller kernel size at 10 thousand TRISO 

particles with different packing fractions at constant kernel size (0.025cm standard kernel radius). It is found 

that K-inf is sensitive to total heavy metal loading not to the kernel radius or packing fraction. Only at high 

loading say 29g, large kernel radius results in 1.7% higher K-inf as compared to high packing fractions. This 

study has been performed for five different weight fractions of 
233

U ranging from 2wt% to 20wt% as shown 

in Fig.1. The fuel pebble is undermoderated for high metal loading and it is favorable for negative CVRC 

and high conversion. So conversion ratio has been computed for 9.3g and 29g metal loading with burn-up as 

shown in Fig.2. It is found that high metal loading at low wt% of 
233

U  results in high conversion of 
232

Th to 
233

U and shows increasing trend. High metal loading (29g) results in –ve CVRC and have increasing trend 

with burn-up at 5 wt% of 
233

U, while for 20 wt% of 
233

U it shows decreasing trend at least up to 500FPD that 

corresponds to 78GWd/tHM. The FTC is evaluated for all these four cases with burn-up. It is found that the 

FTC of (Th-
233

U)O2 in fuel kernel becomes more –ve till 100FPD and becomes less negative during higher 

burn-up for low wt% of 
233

U. On the other hand, FTC shows trend to become slightly more –ve with burn-up 

till 500FPD for 20 wt% of 
233

U. The MTC has been computed with burn-up and found that it is slightly 

positive (typically 1pcm/
0
C) in all cases, but combined fuel and moderator temperature coefficient is 

negative. It is important to study the influence of dummy graphite balls on these reactivity coefficients and 

conversion and this will be a part of future analysis. Based on this study, fuel pebble design will be 
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optimized to get higher conversion of Th to 

233
U with CVRC, FTC, combined fuel and moderator 

temperature coefficient negative.  

 

 
Fig.1:  Variation of K-inf with heavy metal loading 

in fuel pebble 

 
Burn-up (FPD) 

Fig. 2: Conversion ratio with burn-up for low and high fuel 

loading at different  wt% of 233U 

 

CONCLUSIONS 

 

  In this paper, an attempt is made to design fuel pebble to achieve maximum conversion of Th to 
233

U under the constraint of CVRC, FTC, combined fuel and moderator temperature coefficient negative. 

Following remarkable facts have been observed: 1) Fresh fuel pebble K-inf is sensitive to total heavy metal 

loading not to the kernel radius or packing fraction. Fuel kernel radii play role at high metal loading. 2) It is 

found that high metal loading at low wt% of 
233

U  results in high conversion of 
232

Th to 
233

U and shows 

increasing trend. 3) It is found that the FTC becomes more –ve up to 100FPD and becomes less negative 

with higher burn-up for low wt% of 
233

U. For 20 wt%  of 
233

U, it shows trend to become slightly more –ve 

with burn-up below 500FPD. 4) High metal loading (29g) results in –ve CVRC and have increasing trend 

with burn-up at 5 wt% of 
233

U, while for 20 wt% of 
233

U it shows decreasing trend at least up to 500FPD 
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