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ABSTRACT 

Molten Salt Breeder Reactor Test facility is being designed and Developed at BARC, with main 
objective of utilizing thorium abundance in India. Experimental facility namely-Molten Active 
Fluoride Salt Loop (MAFL) is proposed to be setup in UED, BARC to study the thermal hydraulic 
behaviour of fuel salt as well as blanket salt and their compatibility with different structure 
materials. Radiation shielding requirements for this facility have been carried out using point 
kernel code, QAD-CG.A validation exercise with the same active salt is carried out by measuring 
the dose at different detector location. The results show that no shielding is required for the dose 
criterion of 10 µSv/hr. In validation exercise carried out, the observed value is matching well with 
calculated value after a short distance from the source. 
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INTRODUCTION 

Molten Salt Breeder Reactor (MSBR) Test facility, designed and developed in BARC is very 
important in context of India’s future nuclear energy utilization scenario using Thorium resources. 
It is having enhanced safety features like strong negative temperature coefficient of the reactivity, 
improved sustainability, increasing the proliferation resistance of nuclear energy, stable coolant 
low pressure operation that do not require expensive containment, easy to control passive heat 
cooling and unique characteristics of actinide burning and waste reduction. 

 
 

 
 
 
 
 
 
 

 
 

 
 
 
 
 

 
 
 

 
 
 

Figure 1a. Molten Active Fluoride Salt Corrosion 

Test facility (MAF-Corr). Dimensions are in cm. 
Figure 1b. Molten Active 

Fluoride salt Loop (MAFL)

Dimensions are in cm. 
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MSBR is based on the molten salts, which act as fuel, blanket and coolant for the reactor. The 

composition of the fuel salt for the test facility was LiF-ThF4-UF4 (22.5-68.9-8.6 wt %).The 
blanket salt was LiF-ThF4 (22.5-77.5 wt %).Two types of facility are there in which first one is to 
test the thermal hydraulic behaviour of molten salt and blanket salt and to study their natural 
circulation flow pattern. This facility is called Molten Active Fluoride salt Loop (MAFL) [1]. In 
Figure 1 the schematic diagram of the vessels and loops of the facility with dimension are given. 

 

MATERIAL AND METHODS 

Dose rate at any detector location outside the vault is calculated by using the QAD-CGGP code 
[2]. This is a FORTRAN 77 code for calculation of dose rate due to a volume source in arbitrary 
complex geometry of shield configuration. ORIGEN2 code [3] is run to obtain the decay and 
photon release rate from these materials. ORIGEN2 is a widely used computer code for calculating 
the build-up, decay and processing of radioactive materials.  

 

RESULT AND DISCUSSION 

The geometry of each component (loops and vessels) in the loop with the source is modelled 
using point kernel code, QAD-CG. The dose rate for achieving shielding requirements was taken to 
be 10 µSv/hr. 

A validation exercise has been carried out to validate the results by considering the 5 year decay 
of the fresh Th. Measurement of dose rate at different locations has been performed with a source 
and compared with the calculated dose rates. This source used for the measurement is a glass vial 
of thickness 1mm containing LiF+ThF4 in the powder form. The source is in powder form and 
cylindrical shape having diameter of 2.54 cm and height of 0.8 cm. The mass of Thorium in the 
salt taken was 4.88 g from measurement. The ratio of dose rates from calculation and measurement 
at chosen distances shows the variation of 1.24.  

It is observed that 30 cm distance from the source is sufficient to achieve the design criteria of 
10 µSv/hr for loop1 and loop 2. Shielding is not required for the distance greater than 30 cm from 
the source for loop 1 and loop 2. It has been observed that a distance of 100 cm is required for 
vessel 1 and vessel 2 for achieving criteria of 10 µSv/hr. 
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