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INTRODUCTION  

 Dhruva reactor is presently the only operating facility in Trombay where irradiation of thorium based fuel 

is possible for gaining experiences in Thorium fuel cycle.  Dhruva is a 100 MW reactor with a maximum thermal 

neutron flux level of 1.8x10
14 

n/cm
2
.sec. It uses natural uranium metallic fuel with aluminium cladding and heavy 

water as coolant, moderator and reflector. The vertical coolant channels are semi-permanent structural component 

and replaceable.  This provision has given the requisite flexibility to alter the core configuration in case of any 

requirements.  The use of metallic U fuel enables the reactor to provide adequate excess reactivity for various 

irradiation programmes.  With this excess reactivity and provision for interchangeability of fuel and other in-pile 

positions, utilization of reactor has been enhanced by providing additional isotope tray rods, irradiation of thorium 

rods for generating experiences for thorium fuel cycle, irradiation of structural materials like seamless zircaloy 

samples etc. 

 

Cirus is a 40 MW (thermal) Uranium metal fuelled, heavy water moderated, light water cooled research reactor 

commissioned in July 1960. Sea water is used as secondary coolant and sea is ultimate heat sink. The maximum 

thermal neutron flux of Cirus reactor is 6.6 x 10
13 

n/cm
2
-sec.  Cirus reactor was operated successfully for nearly five 

decades with very good availability and capacity factors. The reactor was under refurbishment during 1997 – 2003 

and after successful completion of various refurbishing activities, it resumed operation from October 2003. After 

fifty years of service, Cirus reactor was permanently shut down on 31
st
 December 2010. 

 

 

IRRADIATION OF THORIA RODS 

A number of thoria assemblies were irradiated in J rods of Cirus and in fuel positions of Dhruva. The Thoria fuel 

sub-assembly consisted of Thoria pellets of ~3m stack height. Each cylindrical pellet was of 12mm diameter and 12-

16mm length having an average sintered density of 9.5 g/cc. The irradiation was extremely helpful in generating 

first hand experiences of thorium based fuel cycle, especially on U-233 production, contamination level of U-232 in 

U- 233, their variation with burn up. The variation of assembly power with respect to burn up and the corresponding 

maximum fuel temperature were estimated to ensure that adequate safety margin was available during irradiation. 

The activity content of Thoria assembly for different irradiation level at reactor and for different post irradiation 

cooling period was estimated. This proved to be one of the most valuable inputs for dry handling and transportation 

of Thoria assembly and also for designing the reprocessing facility for Thoria fuel at Trombay. 

 

THORIUM IRRADIATIONS IN PRESSURIZED WATER LOOP (PWL) OF CIRUS 
Pressurised water loop (PWL) in Cirus is a high temperature and high pressure in pile facility to test experimental 

fuel assemblies under simulated power reactor conditions. One thoria based MOX fuel assembly (called as AC-6), 

was irradiated in mid-eighties to study and understand the problems associated with thoria based fuel before their 

introduction in our nuclear programme. Another MOX fuel assembly BC-8 was irradiated in early nineties to prove 

the design of (UO2-PuO2) and (ThO2-PuO2) pins of PHWR at high burn-ups, develop understanding of the fuel 

behaviour using advanced fuel cycles and bench mark the fuel design code. The irradiation of fuel pins from AC-6 

was extended for generating additional data for studying behaviour of Thoria based fuel in terms of fission gas 

release, fuel centreline temperature, fuel pellet swelling, fuel grain growth etc at higher fuel burn-ups. Additionally, 

the irradiation experiment had provided an experience of carrying out re-irradiation of fuel pins. Accordingly, AC-6 

fuel assembly was sent for post irradiation examination for checking the worthiness of the fuel pins from the 

assembly for re-irradiation. At the hot cell, the fuel pins were subjected to UT, eddy current testing, gamma 

scanning, fission gas analysis and liquid N2-glycol testing for qualification. Out of the five pins, two pins were 

found suitable for re-irradiation. A new fuel assembly, consisting of 4 no. fuel pins of AHWR design (Th- 8% Pu 
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MOX) and 2 no. of healthy fuel pins of AC-6 (TAPS-BWR) design was assembled and irradiated in PWL test 

section. 

 

IRRADIATION OF AHWR TYPE TH-PU AND TH-LEU MOX FUEL IN REGULAR FUEL POSITION OF 

DHRUVA. 

One Fuel assembly with AHWR type fuel pins were irradiated in the regular fuel position in Dhruva for a burn up of 

20,000 MWd/t. The fuel pins contain Th-Pu MOX fuel with Plutonium fraction of ~1%. The arrangement of the 

cluster was identical to that of regular fuel assembly of Dhruva. It had a fuel cluster pinned to the Aluminium shield. 

The Aluminium shield and seal plug were the same as used in regular fuel assembly. The cluster design was kept 

nearly identical to a standard Dhruva fuel assembly except for the design of spacer grid arrangement. It consisted of 

a central structural tube to which spacer grid was attached. Six fuel pins were made to surround the central tube. The 

spacer pads attached to the fuel pins along with the spacer grip provided the inter pin spacing. The 6 fuel pins and 

the central tube were held at top and bottom by tie plates. The TH-1%Pu pellets were staked in the free standing Zr-

2 clad tubes and sealed at either end by end plug. This was the first occasion when a fuel assembly containing Th-Pu 

MOX was proposed to be irradiated at Dhruva. A detailed safety analyses was carried out before loading it in 

reactor. The AHWR fuel assembly was irradiated for 3.25 years. During this period, flow through the assembly, its 

outlet temperature, burn up level and power developed by the rod was monitored continuously. Its vibration level 

was also monitored periodically through special procedures to ensure its healthiness. The performance of the 

assembly was normal and was in close agreement with the predicted values. The assembly was removed after 

completion of target burn of 20,000MWd/t. Safety aspects during handling in Fuelling Machine (FM) was evaluated 

before its installation in pile. The fuel cluster portion will be sent to hot cell for detailed “Post Irradiation 

Examination’. The examination will be helpful in studying Thoria based fuel behaviour in terms of fission gas 

release, fuel centreline temperature, fuel pellet swelling, fuel grain growth etc on completion of its PIE at hot cell in 

PIED. The irradiation programme will also provided feed material for carrying out reprocessing studies on Thoria 

based MOX fuel. 

Another cluster with containing AHWR type Th-LEU MOX fuel was installed in regular fuel position of Dhruva for 

a similar target burn up of 20,000MWd/t. The UO2 content in Thoria MOX fuel is 11 wt% and the LEU is 8.94% 

enriched. 

CONCLUDING REMARKS 

The irradiation programme of Thorium / Thoria and Thoria based MOX fuel assemblies from very inception of our 

atomic energy programme has given deep insight into all aspects Thoria based fuel cycle. The irradiation 

programme yielded into a firsthand knowledge about fuel fabrication, quality assurance, out-of-pile testing and 

handling aspect of fresh and irradiated assembly to the designer, fabricator and operators. The programme of early 

irradiation of Thoria rods in Cirus resulted into fuel supply for KAMINI reactor. The re-constitution of Thoria pins 

from AC-6 had provided a unique experience for carrying out re-irradiation of fuel pins. The design validation and 

fabrication techniques of AHWR type fuels can only be possible after conducting irradiation experiment in Dhruva. 

The major goal of fuel development programme is to develop an analytical approach for predicting the behavior of 

power reactor fuels and to compare results of the in-pile and out-of-pile test with prediction. These irradiations have 

helped in pursuing that goal.    
 
 REFERENCES 

1. Thoria rods: Physics and Safety Evaluations - RRSD/RPNES/C-3/179/2013 dt. 13.02.2013, Internal report 

of Reactor Group, BARC by Y.S. Rana, K.P. Singh & Kanchi Singh 

2. Fabrication of Thoria J-rods for irradiation in Cirus – RSD/SES/C-11/482/84 dt. 06.12.1984, Internal report 

of Reactor Group, BARC. 

3. Report on fuel performance analysis of AHWR type fuel and analysis of differential pressure across the 

clad– RED/FES/06-10/02 & RED/FES/09-10/03, Internal report of RED, BARC. 

4. Reactor Physics Calculations – RRSD/RPNES/DH-5/154/2010 dt. 08.01.201, internal report of Reactor 

Group, BARC. 

5. Report of sub-channel analysis of six pin cluster – RED/THS/AKP/2354/2010 dt. 16.09.2010, internal 

report of RED, BARC. 

6. Report on flow testing of AHWR Dummy Cluster –DH/T-14/481/2010 dt. 15.02/2010, Internal Report of 

ROD, BARC by Kunal Chakrabarty & D.K.Shukla.  
 


