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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]. Two 

loops are there for this test facility. These loops were operated at a pressure of 0.5 Kg/cm
2
 (g) and 

temperature of 800°C. The loops were fabricated with Hastelloy – N material. The second type of 

facility is Molten Active Fluoride Salt Corrosion Test facility (MAF-Corr)[2]. The purposes of this 

experiment was, to get handling experience of molten active fluoride salt eutectic mixture, study 

the corrosion behaviour of structural materials, study the melting and solidification behaviour of 

liquid fuel salts. Two vessels, fabricated with Incolloy 800H were used for doing this experiment. 

Upon the two vessels one was used for fuel salt corrosion studies and another for blanket salt 

studies. 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. It uses the point-kernel method, in which the original 

source volume is divided into a large number of small volumes of voxels. From each voxel, the 

optical path traversed in the source/shield material to the detector point is estimated and suitable 

corrections are made for the scattered contribution to obtain the dose rate based on the basic point 

source formula. The dose rates from all voxels are summed up to give the dose rate due to the 

entire volume of the source.  Several build-up factor estimation techniques are optionally available, 

e.g. the GP method and Kapo's method. The advanced versions of the code can take a limited 

number of multiple identical sources. The dose conversion factor is taken from ANSI/ANS 6.1.1 - 

1991. It has limited capability for visualization of 2-D slices through the 3-D geometry.  

 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. The code outputs a combined 18-group gamma spectrum in three groupings: 

fission products, actinides and activation products; this data is extremely useful in gamma 

shielding calculations. The data is available as photons/s or MeV/s against 18 energy groups (with 

effective energy ranging from 15 keV to 11 MeV) at different cooling periods. 

 There are mainly two modelling tools for radiation shielding calculation. The first one is the 

point kernel code QAD-CGGP and the second category includes the Monte Carlo based codes.  

The first group uses analytical techniques in the code for calculating radiation dose. QAD-CG is 

one of these types of code.  

 The QAD codes are a series of point kernel codes developed by Los Alamos Scientific 

Laboratory to calculate the fast neutron and gamma ray penetration through various shield 

configurations. When the version with the combinational geometry subroutine is used, the code is 

identified as QAD-CG. Point-kernel method is macroscopic approach used for gamma radiation 

exposure rate calculations. In this approach gamma radiation propagation is assumed to be beam-

like. Effects of radiation interaction in matter are described using macroscopic linear attenuation 

factors. This method is much less computationally intensive than Monte Carlo method. Series of 

calculations necessary for shielding optimization could be conducted at reliable time using point-

kernel method. But due to macroscopic approach to radiation transport this methods lacks 

consistency. The main problem point- kernel method encounters is account for scattered radiation 

which is usually implemented through semi- empirical approximation. Additional "build-up" factor 

must be introduced as a multiplier to the attenuated dose. Determination of the appropriate build up 

factor can be rather complex as it depends upon the energy, the thickness and type of material. 

Uncertainties in determining build-up factor essentially limit the accuracy of point-kernel method. 

According to point kernel method used in QAD codes, source volume is made of a number of point 
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isotropic sources (point kernels). Each point kernel gives contribution to the dose rate at detecting 

point. In this method, the point kernel representing the transfer of energy by the un-collided flux 

along a line-of-sight path is combined with an appropriate build-up factor to account for the 

contribution from the scattered photons. With a distributed source, the point kernel is integrated 

over the source volume for each source energy. The gamma ray dose rate at any point due to an 

isotropic source emitting S photons of energy E per second per unit volume is  

 

 
Where,  

 Point at which gamma dose to be calculated, 

 Location of source in volume V, 

V = volume of source region, 

 = Total attenuation coefficient at energy E 

 Distance between source point and point at which gamma intensity is to be calculated, 

 Dose build-up factor 

                              K = conversion factor flux to dose rate 

The buildup factors used in this code are based on the Goldstein and Wilkins moment method 

calculations for gamma-ray transport in infinite homogeneous media. The code uses Capo’s fit to 

the Goldstein-Wilkins data with bi-variant polynomial expressions to calculate the approximate 

buildup factors as a function of gamma ray energy and number of mean free paths from the source 

to the detector. For high atomic number materials, the polynomial fit has the form 

 
And for low atomic number materials it has the form, 

 

 
Where, Cij’s are the coefficients of the expansion. 

 

RESULT AND DISCUSSION 

The inventories of the fuel material are taken from the design report. ORIGEN2 code [3] is used 

to obtain the decay and photon release rate from these materials. The photon spectrum of 50 year 

of decay is used for these calculations and tabulated in Table 1. The geometry of each component 

(loops and vessels) in the loop with the source (highlighted 11-energy groups) is modelled using 

point kernel code, QAD-CG. The dose rate at desired locations is given in Table 2. 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 comparison of dose rates from measurement and 

calculation are presented in the Table 3.  
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CONCLUSIONS 

It is observed from table 2 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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Table 1: Photon Spectrum for 1 Kg of Thorium after 5yr and 50 yr. of decay 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2: Dose Rate at Typical Detector Locations (Decay Period 50Yr) 

S.N

o 

 

Source details 

Distance at which 

dose rate computed  Photon dose rate (µSv/hr) 

1 
Loop-1 Fuel Salt, ID 15mm, 

OD 22 mm, 0.83kg Th,  

Surface 525.0 

2.0 cm 126.1 

3.0 cm 60.0 

4.0 cm 37.7 

30 cm 3.8 

100 cm 0.8 

200 cm 0.3 

    

2 
Loop-2 Fuel Salt, ID 15mm, 

OD 22 mm, 0.94 kg Th 

Surface  595.0 

2.0 cm 143.0 

3.0 cm 68.0 

4.0 cm 42.7 

30 cm 4.3 

100 cm 1.0 

200 cm 0.3 

Sr. No. Energy (MeV) No. of Photons/s 

5 yr 

No. of Photons/s 

50 yr 

1 1.50E-02 2.45E+06 6.52E+06 

2 2.50E-02 1.66E+05 5.09E+05 

3 3.75E-02 1.19E+05 3.75E+05 

4 5.75E-02 1.65E+05 4.88E+05 

5 8.50E-02 5.15E+05 1.90E+06 

6 1.25E-01 6.80E+04 2.09E+05 

7 2.25E-01 8.17E+05 2.90E+06 

8 3.75E-01 3.58E+05 9.12E+05 

9 5.75E-01 5.32E+05 1.90E+06 

10 8.50E-01 1.41E+06 3.62E+06 

11 1.25E+00 9.38E+04 2.38E+05 

12 1.75E+00 1.80E+05 4.81E+05 

13 2.25E+00 4.47E-03 1.20E-02 

14 2.75E+00 3.46E+05 1.38E+06 

15 3.50E+00 1.61E-03 4.27E-03 

16 5.00E+00 4.78E-04 1.27E-03 

17 7.00E+00 3.10E-05 8.24E-05 

18 1.10E+01 1.96E-06 5.21E-06 
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3 
Vessel 1, 22.4 cm height, 

ID 15 cm, OD 17cm, 4.4 kg Th 

Surface  222.3 

6 cm 94.8 

30 cm 15.0 

100 cm 1.9 

    

4 

Vessel 2, 37.3 cm height, 

ID 15 cm, OD 17cm, 8.33 kg 

Th 

Surface  266.0 

6 cm 132.0 

30 cm 26.6 

100 cm 3.6 

 

Table 3: Validation Exercise 

Distance 

from 

source 

(cm) 

Measured value* 

(µSv/h) 

Calculated Result (µSv/h) 

(After 5 yr of decay of 

Thorium) 

Ratio of calculated to measured dose 

rate 

 

10 0.13 0.16 
1.24 

20 0.035  0.04 
1.14 

30 Bkg ….. 
Nil 

*Excluding statistical Variation 

 

 


