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1. Introduction 

 
The CANDUCS code generates the necessary 

CANDU cross sections for the time-average calculation 

and provides the DEFENS code with them. Currently, 

the CANDUCS code has various options for bi-

directional refueling, incremental cross section 

treatment and management of the liquid zone control, 

which are required in a time-average model. Because 

the bi-directional refueling scheme gives the flattening 

of the power distribution of the core and enhancement 

of thermal-hydraulic conditions, it has been used as the 

standard refueling scheme in every CANDU-type 

reactor. In this research, the differences between the 

mono-directional refueling (MDR) and the bi-

directional refueling (BDR) are discussed quantitatively 

with a multiplication factor and power distribution. In 

addition, by comparing the results from the CANDUCS-

DEFENS code system with the RFSP results, the 

soundness of the CANDUCS code for a cross section 

generator will be verified. 

 

2. Mono-Directional Refueling 

 

2.1 Time-Averaged Cross Sections and Regional Exit 

Irradiation 

 

The time-averaged cross sections are automatically 

generated by batch files using a perl script with a 

Physics Design Manual (PDM) [1]. For the T/A cross 

section generation, a series of utilities are used [4], such 

as microburn, condens, wrfsp, regav and pmat2lib. Also, 

time-averaging with the irradiation is done by the 

CANDUCS code [3]. The exit irradiation for each 

channel is required in this step [2]. 

 

 

Fig. 1. Typical Regions for T/A Model of CANDU Reactor 

Table I: Typical Exit Irradiation for Regions 
Name of Region Region Index Exit Irradiation(#/kilo barn) 

Outer Top 1
 

2.460 

Outer 2
 

4
 

7
 

2.489 

Middle 3
 

2.750 

Inner 5
 

2.600 

Right 6
 

2.442 

Bottom 8
 

2.483 

Bottom Mid 9
 

2.323 

Bottom Ext 10
 

1.977 

 

2.2 Numerical Results 

 

Various calculation results are listed in this section 

such as eigenvalue, flux distribution, power errors, 

maximum power, and its location and maximum power 

prediction error. 

 
Table II: Multiplication Factor for MDR 

RFSP 1.03307 

CANDUCS-DEFENS 1.03290 

 

 
Fig. 2. Fast and Thermal Flux Distribution on yz-plane for 

MDR 

 

 

Fig. 3. Power and Error Distribution of RFSP and DEFENS 

for MDR 
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Table III: Power Errors of DEFENS for MDR 

Thermal Power 

(MW) 

Fission Power 

(MW) 

RMS Error 

(%) 

Max. Error(%) 

/Pos. 

2061.40 2156.01 1.64 2.60/E-8 

 
Table IV: Max. Powers of Channel and Bundle for MDR 

 RFSP DEFENS 

Max. Channel 

Power(KW)/Pos. 
9238.14/M-12 9206.35/M-12 

Max. Bundle 

Power(KW)/Pos 

1457.35/M-12, 

Bundle 5 

1453.06/M-12, 

Bundle 5 

 
Table V: Rel. Errors of Max. Powers of Channel and 

Bundle for MDR 
Rel. Err. of Max. Channel Power(%) -0.34 

Rel. Err. of Max. Bundle Power(%) -0.29 

 

3. Bi-Directional Refueling 

 

In this section, bundle peaking factor results are 

added for a comparison. It can be calculated by dividing 

the maximum bundle power by the average bundle 

power. 

 
Table VI: Multiplication Factor for BDR 

RFSP 1.02748 

CANDUCS-DEFENS 1.02750 

 

 
Fig. 4. Fast and Thermal Flux Distribution on yz-plane for 

BDR 

 

 

Fig. 5. Power and Error Distribution of RFSP and DEFENS 

for BDR 

 
Table VII: Power Errors of DEFENS for BDR 

Thermal Power 

(MW) 

Fission Power 

(MW) 

RMS Error 

(%) 

Max. Error(%) 

/Pos. 

2061.40 2156.01 1.51 2.08/E-7 

Table VIII: Max. Powers of Channel and Bundle for MDR 
 RFSP DEFENS 

Max. Channel 

Power(KW)/Pos. 
9124.56/M-12 9109.76/M-12 

Max. Bundle 

Power(KW)/Pos 

1465.88/M-12, 

Bundle 6 

1473.83/M-12, 

Bundle 7 

 
Table IX: Rel. Errors of Max. Powers of Channel and 

Bundle for MDR 
Rel. Err. of Max. Channel Power(%) -0.16 

Rel. Err. of Max. Bundle Power(%) 0.54 

 
Table X: Bundle Peaking Factors for Refueling Methods 

 MDR BDR 

Avg. Bundle Power(KW) 452.06 452.06 

Max. Bundel Power(KW) 1453.07 1473.83 

Loc. of Max. Bundle Power M-12 Bundle 5 M-12 Bundle 7 

Bundel Peaking Factor 3.21 3.26 

 

4. Conclusions 

 

In this research, the results of RFSP and DEFENS 

codes are compared with each other for cases of MDR 

and BDR. For both cases, the multiplication factor error 

is extremely small, but the power errors are larger than 

those of mathematical initial core calculation. For the 

predictions of locations of max. rel. power err., max. 

channel power and max. bundle power, the DEFENS 

code prediction is matched well with the result of RFSP 

except for the prediction of location of max. bundle 

power for the BDR case. However, this is not a problem 

because the power difference between bundle 6 and 7 is 

negligible for the BDR case. In Fig. 2, Fig. 4, and Table 

X, it can be verified that the center of power distribution 

is moved to the centre of the core. Using the BDR, the 

max. bundle power increased while the avg. bundle 

power is not changed. In Table II and VI, it is also 

verified that the BDR can reduce the excess reactivity of 

the core. It seems that solving the realistic initial core 

problem is a way to investigate the soundness of the 

CANDUCS code. 
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