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1. Introduction 

 
In the two-step CANDU core analysis, the lattice 

physics code WIMS-IST is used for generation of the 
few-group diffusion theory constants (hereafter, few-
group constants), and the neutronics design parameters 
such as the effective multiplication factor (keff), the 
power distribution, reactivity coefficients, etc. of the 
reactor core are calculated by the diffusion theory code 
RFSP-IST. In addition, three dimensional (3-D) 
supercell calculations are conducted to take into account 
the effect of the reactivity devices perpendicular to the 
horizontal fuel channels by DRAGON-IST. 

Recently, the Monte Carlo (MC) few-group constant 
generation method [1] has been successfully applied for 
the two-step reactor core analysis. In this paper, the 
CANDU reactor core analysis is performed with the 
two-group constants generated by the Seoul National 
University MC code, McCARD [2]. 

 
2. Methodology 

 
In the McCARD few-group constant generation 

method, the fine group cross-sections are estimated in 
the MC simulations by their definitions: 
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gαΣ  denotes the macroscopic cross section of reaction 

type α for energy group g. gg ′Σ  is the differential 
scattering cross-section from energy group  g ′  to g. 

In the McCARD method, the critical spectrum is 
determined by the B1 equations from the estimated fine-
group cross-section. Then the few-group constants 
including the diffusion constants can be calculated by 
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where B

gφ  denotes the critical spectrum. 
 

3. Numerical Results 
 

Two-group constants of a CANDU lattice problem 
were generated with the infinite medium spectrum by 
McCARD. Table 1 shows the comparison of the two-
group constants generated by McCARD and WIMS-IST. 
From the table, it is observed that the maximum relative 
difference is 2.12% for 2aΣ . In the table, kinf (Trans.) 
and kinf (2Gr.) indicate kinf’s calculated by the transport 
and from the two-group constants, respectively. 
 
Table 1: Two-group constants by the infinite system spectrum 

Two Group1) 
Constants 

McCARD WIMS-IST Rel. Diff.3) 
(%) 

 

1.65×10-3 1.66×10-3 0.61 
 

3.49×10-3 3.56×10-3 2.12 
 

8.78×10-4 8.95×10-4 1.95 
 4.30×10-3 4.38×10-3 1.80 

 

8.80×10-3 8.88×10-3 0.92 
 

1.12184 
± 0.00012 

1.11996 -0.17 
 

1.12178 1.11996 -0.16 
1) Group 1 (<1.0×10 30 MeV), Group 2 (<0.625×10-06 MeV)  
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3) Rel. Diff  :  Relative difference between McCARD and WIMS 
 

To examine the effectiveness of the generated few-
group constants, the full core analyses were performed 
by the diffusion theory code RFSP-IST and SCAN [3] 

with the fine mesh model (42x34x20). As for the core 
condition, every fuel loaded in the core is a fresh fuel 
and all reactivity devices are not modeled. The 
reference solutions were obtained by the McCARD full 
core calculations with the continuous energy cross 
section libraries. 

Table 2 shows the comparisons of keff’s calculated by 
McCARD/RFSP and McCARD/SCAN with reference. 
From the table, it is observed that the differences from 
the reference are 677 pcm in McCARD/RFSP and 675 
pcm in McCARD/SCAN. Figure 1 shows the 
comparison of the channel power distributions. For the 
power distribution, it can be noted that the root mean 
square (RMS) errors are 1.86% in McCARD/RFSP and 
1.92% in McCARD/SCAN, while the maximum errors -
5.47% in RFSP-IST and -5.83% in SCAN. 

 
Table 2: keff  for the CANDU core 

Case keff Difference(pcm) 

McCARD(Ref.) 1.08809 ± 0.00014 - 

McCARD/RFSP 1.09486 677 

McCARD/SCAN 1.09484 675 
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Figure 1: Normalized channel power distribution 

 
For the comparison, the RFSP-IST calculations were 

conducted by using the two-group constants generated 
by WIMS-IST. Table 3 and figure 2 compare keff and 
the channel power distribution, respectively, calculated 
by McCARD/RFSP and WIMS/RFSP. The maximum 
and RMS error in the power distribution estimated by 
WIMS/RFSP are -4.76% and 1.77%, respectively. 

 
Table 3: keff  for the full core calculation 

Case keff Difference(pcm) 

McCARD(Ref.) 1.08809 ± 0.00014 - 

McCARD/RFSP 1.09486 677 

WIMS/RFSP 1.09330 521 

 

 
Figure 2: Normalized channel power distribution 
 

4. Conclusions 
 

The McCARD few-group constant generation system 
is qualified through the CANDU core analyses. As a 
result, the power distribution of the CANDU reactor 
core calculated by diffusion codes with the two-group 
constants generated by McCARD shows a good 
agreement with the MC full core calculation despite the 
677 pcm difference of the keff. From the comparison of 
keff and the power distribution calculated by 
McCARD/RFSP and SCAN/RFSP, it is found that the 
results reveal well consistent with each other. However 
these results are limited to the fresh core without any 
reactivity devices. For further works, the CANDU 
reactor core analyses with considering reactivity device 
effects will be conducted. 
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