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1. Introduction 

In a large radiation generation facility, some 

restrictions of the gamma radiation shielding analysis 

using direct Monte Carlo simulation can be occurred 

due to the stochastic error of the calculation results in 

the large space. To increase the calculation efficiency, 

various variance reduction techniques are introduced for 

the large facility. The angular source biasing is one of 

the variance reduction techniques, which is that the true 

angular probability is biased with adjusting the source 

importance [1]. However, the optimization of the 

angular biasing is not easy and some calculation error 

can be generated without the specific technique. In this 

study, a first collision method for the decision of the 

gamma source angular bias is proposed, and a radiation 

shielding problem in a large space was evaluated and 

verified with MCNP code calculations [2]. 

2. Methods and Results 

In Monte Carlo method, the initial source direction of 

the radioactive material was randomly sampled. The use 

of angular source biasing technique changes the source 

directional probability from the initial source 

distribution with changing the source weight. It is 

known that it is a useful method to reduce relative error 

in calculating a large facility radiation shielding; 

however, the probability of angular contribution for 

deciding each angular bias value must be properly 

considered to prevent the calculation error. In this study, 

an optimization method of the source angular bias is 

proposed by using the first collision approximation of 

each source angular direction.  

2.1 Development of Source Angular Biasing Method  

In a large facility, the influence of each source 

angular direction significantly affects the tally region. 

Especially, the evaluation result at the tally region is 

proportionally increased by the effect of the first 

scattering radiation. Thus, it is assumed that the angular 

bias is decided by the effect of the first scattering into 

the tally region. The overview of the first collision 

approximation is shown in Fig. 1. At first, the initial 

angular intensity on k angular direction, I0,k(r0, E) at a 

source point r0 is uniformly divided by L azimuthal 

angle bins (bin l). In multi-medium shielding problem, 

the unscattered radiation intensity from r0 to rn on θk,l 

direction can be approximately calculated by Eq. (1).  
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Fig. 1. Geometrical Overview of the Proposed Method 

where, Ni is a number density in material of i
th

 bin 

and σt,i is a total microscopic cross section at the 

material of i
th 

bin. The radiation at rn has an angular 

collision between |rn+1- rn| shielding material; hence, the 

intensity (    
    ⃗⃗  ⃗      ) on the θc angular direction is as 

given in Eq. (2). By using Eq. (2), the radiation 

intensity (    
    ⃗⃗  ⃗   ⃗⃗  ⃗   ⃗⃗⃗⃗     ) of the first scattered radiation 

from r0 to detection point rm
’
 with collision at rn can be 

approximately calculated by Eq. (3). 
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where, σc(θc, E) is Klein-Nishina angular Compton 

scattering cross section [3]. Finally, level of 

contribution on the θk angular directional radiation 

source into the detection point, which is used for the 

source biased value, is calculated by Eq. (4). 
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where, K is the number of the angular direction bin. 

2.2 Development of Calculation Module 

By using the proposed method in Section 2.1, a 

source biasing calculation module was developed in this 

study. C++ program was used. The algorithm of the 

program is given as shown in Fig. 2. At first, the 

geometry and source specifications are loaded from 

MCNP input. Then, the volume source and detector are 

divided into the unit cubic lattice. The point sources and 

detectors are located at the centers of the cubic lattices. 

The angular and azimuthal directions at each source 

point are divided into the numbers of the K and L, 

respectively. For the each divided angle of the source, 

the intensity of the first collision at the detection 

position is calculated by Eqs. (1) ~ (3). Finally, the 

source bias value for each angular direction is 

calculated by Eq. (4). The cross section data, which are 

used in the calculation, are loaded from ENDF/B-VII 

cross section library which is ACE format. 
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Fig. 2. Flowchart of the Calculation Module with Proposed 

Method 

2.3 Results and Analyses  

For the verification of the proposed method, a simple 

shielding problem was used as shown in Fig. 3. The 

room has 300 cm x 300 cm x 300 cm cubical shape, and 

the ordinary concrete wall (2.35 g/cc) with 50 cm 

thickness is surrounded of the room. A spherical source, 

which has 0.8 MeV energy and 2.2 cm diameter, is 

located at the center of the room. The probability of the 

contribution for each angular direction was calculated 

by the proposed method. The results are given in Table 

I. 

Table I. Probability of Contribution for Each Cosine Bin 

 

For the verification of the proposed method, the 

radiation shielding calculations were performed with 

the proposed bias method and without the source 

angular bias. Also, to compare the source biasing 

efficiency, a reference set of the angular bias was 

decided by calculating the contribution ratio of each 

angular direction with MCNPX code. The results of the 

gamma intensities and relative errors are given in Fig. 3 

and 4. With the proposed method, the history to get      

< 1% relative error of the intensity was 3 ×10
7
 while 

the history without the source bias was 2×10
8
. The 

result shows that the radiation shielding with the 

proposed method can increase the calculation efficiency 

over 6 times than that without the source bias.  

3. Conclusions 

In this study, a method for obtaining the parameter of 

the angular source bias was proposed for the large 

gamma radiation generation facility. A calculation 

program with the proposed method was developed for 

the automatic calculation of the source angular bias 

value from MCNP input. For the verification of the 

proposed method, a simple shielding problem was 

evaluated by MCNPX code. The results show that the 

radiation transport result with the proposed method give 

a good calculation efficiency over 6 times than that 

without the source angular bias. It is expected that the 

 
Fig. 3. Overview of Shielding Problem Geometry 
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Fig.3 Results of Gamma Intensities at Tally Region 
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Fig.4 Results of Relative Errors at Tally Region 

 

proposed method can contribute increasing the 

calculation efficiency and accuracy for the radiation 

shielding problem in using Monte Carlo method. 
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