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1. Introduction 

 
Diffusion code is one of the most important parts 

of a nuclear reactor design code package in two-step 
method. A lot of codes have been developed for the 
PWR reactor designs like SIMULATE-3, PARCS, 
MASTER, etc. [1, 2, 3].  In the past decades, these 
diffusion codes were well improved to fit to the 
requirement of new generation PWRs. In South Korea, 
a diffusion code RAST-K was developed by KHNP 
over 10 years ago [4]. A new version of RAST-K 2.0 is 
under development at Ulsan National Institute of 
Science and Technology (UNIST) since 2014. New 
computational models have been implemented for better 
performance. The target of RAST-K 2.0 is to be used in 
the analysis of current and future PWRs in South Korea 
design. 

RAST-K 2.0 can be used to perform both steady-
state and transient calculations. The non-linear scheme 
was used based on the 2-group CMFD and a three-
dimensional multi -group unified nodal method (UNM) 
[5]. To consider the history effects, the main heavy 
isotopes were tracked by micro-depletion module using 
CRAM [6]. The simplified 1-D single channel thermal 
hydraulic solver from nTACER [7] is implemented. 
The θ method was adopted in the transient calculation. 
To get detailed pin-wise power and burnup distribution, 
Pin power reconstruction module was implemented. 
Also automatic control logic to calculate MTC, FTC, 
control rod worth was implemented. To perform multi-
cycle analysis, restart and shuffling/rotation module has 
been implemented. To link between CASMO-4E [8] 
and RAST-K 2.0, CATORA (CASMO TO RAST-K 
2.0) code was developed. 

Unlike the other diffusion codes, RAST-K 2.0 
depletion module uses CRAM and extended depletion 
chain for fission products. Most lattice codes give 
cumulative fission yield of Pm-149 without considering 
Pm-148 and Pm-149 capture reaction which will lead to 
the increase of Sm-149 number density. Therefore, Sm-
149 number density can be calculated to be slightly 
lower in high burnup in the other diffusion codes. 

In the verification, Shin-Kori Unit-1 cycle-01 
OPR1000 PWR core from current nuclear power plants 
in South Korea were modelled. The parameters 
including critical boron concentration, radial and axial 
power distributions were compared with the references 
from the widely used CASMO-4E/SIMULATE-3 code 
system. 

 
2. Cross-section Linkage 

 
CATORA makes XS set table file for RAST-K 2.0 

using the data from CAX files which is output file of 
CASMO-4E. The XS set table consists of branch and 
history calculation data, microscopic cross sections of 
specific nuclides, macroscopic cross sections of 
residual nuclides, fission yields of fission products, 
initial number densities of initial loaded nuclides, 
heterogeneous form functions, assembly discontinuity 
factors, surface neutron fluxes and currents, and 
kinetics parameters. Cross-section formulation is a 
function of control rod, burnup, boron concentration, 
fuel temperature, and moderator temperature. STORA 
(STREAM TO RAST-K) [9] is also under development 
to transfer the cross section data from STREAM to 
RAST-K 2.0. 

 
3. Methods in Micro Depletion Module 

 
2.1 Depletion Chain 
 

To well consider the history effects in the PWR 
operation, the micro-depletion capability is developed 
in RAST-K 2.0. The nuclide number densities of 22 
heavy isotopes and 12 fission products were tracked in 
the core calculation.  

 
 

 
 

Fig. 1. Depletion chain of RAST-K 2.0. 
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2.2 Nuclide Data 
 

Decay constant are used from the ENDF/B-VI.8. 
Table 1, 2 show the decay constants of heavy nuclides 
and fission products. Decay constants of nuclides which 
have half-life longer than 150 years are approximated to 
be zero. 

 
Table 1. Decay constants of 12 heavy nuclides 

 
 

Table 2. Decay constants of 8 fission products 

 
 
CASMO-4E does not print (n, 2n) microscopic 

cross section of U-235, so it calculated approximately 
by Eq. (1). 

 

   
235 238

,2 ,g ,2 ,0.71U U
n n n n g                              (1) 

 
For improved accuracy of Sm-149 number density, 

RAST-K 2.0 solves neodymium chain. But CASMO-4E 
also does not print fission yield of Nd-147/148/149, so 
these values are calculated by Eq. (2) in CATORA. ‘i’ 
is fission nuclide index and ‘j’ is heavy nuclide index. 
Effective fission yield is ‘cumulative fission yield + 
generation portion from other nuclide’ and it is also 
calculated in CATORA. Eq. (3) shows the case of only 
i-1 nuclide’s capture (‘i’ is mass number) and ‘F’ is 
total fission reaction rate. To calculate this, fission yield 
of 18 heavy nuclides are used from the ENDF/B-VI.8 
as shown in Table. 3. Fission yields of heavy nuclides 
which do not exist in this table are assumed to be zero. 
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Table 3. Fission yields of 18 heavy nuclides (Fast/Thermal) 

 
 

2.3 Depletion Calculation Method 
 

For the depletion calculation, the matrix form of 
Bateman equation was solved numerically except for I-
135 and Xe-134 which were solved analytically: 
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The CRAM method approximates this exponential 

matrix as: 
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where k is CRAM approximation order and ,i i   are 

partial fraction decomposition coefficients. In RAST-K 
2.0, k is 16 and ,i i   are shown in Table 4, 5. 

 
Table 4. CRAM coefficients 

i  
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Table 5. CRAM coefficients 

i  

 
 
In case of heavy nuclide depletion chain, there is 

no vector b . In case of fission product depletion chain, 
vector b  is fission yield term as in Eq. (7). This vector 
is needed to split fission product depletion chain from 
the total nuclide depletion chain. Since this method 
reduces the size of depletion chain, it can reduce the 
matrix operation time. 

 

i ib Y F                                     (7) 

 
4. Numerical Results 

 
To verify the depletion solver, C-1 type fuel 

assembly with gadolinia is solved. In this assembly 
depletion calculation, the critical spectrum option of 
CASMO-4E is off and T/H conditions are fixed. Also 
thermal expansion effects are considered such as 
geometry expansion (radius of fuel, gap, clad and guide 
tube, fuel height) and density decrease of fuel. Thermal 
expansion correction has more than 100 pcm k-inf 
improvement in one assembly depletion calculation. 

To compare Pm-149/Sm-149 chain using analytic 
solution with cumulative fission yield of Pm-149 
without considering Pm-148 and Pm-149 capture 
reaction which will lead to increase the number density 
of Sm-149 and Nd/Pm/Sm extended chain, RAST-K 
2.0 sets the number densities of other nuclides are same 
with CASEMO-4E results to avoid error from the other 
nuclides. From Figs. 2 and 3, cumulative fission yield 
correction by addition of capture reaction portion shows 
very accurate results until 60 GWD/MTU. 

To verify core depletion capability, Shin-Kori 
Unit-1 cycle-01 has been calculated. Fig. 4. shows the 
difference of critical boron concentration is smaller 
than ±7 ppm. Figs. 5. and 6. show BOC and EOC 
radial and axial normalized power distributions. RAST-
K 2.0 compares well with SIMULATE-3. 

 

 

 
 

Fig. 2. k-inf of C1 fuel assembly  
[Pm-149/Sm-149 vs. Extended Nd/Pm/Sm]. 

 

 
 

 
 

Fig. 3. Number density of Sm-149 of C1 fuel assembly  
[Pm-149/Sm-149 vs. Extended Nd/Pm/Sm]. 

 

 
 

Fig. 4. Boron letdown curve for Shin-Kori Unit-1 cylce-01 
[SIMULATE-3 vs. RAST-K 2.0] 
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Fig. 5. BOC (top) and EOC (bottom) radial normalized power 
distribution for Shin-Kori Unit-1 cylce-01 

[SIMULATE-3 vs. RAST-K 2.0] 
 

 
 

 
 

Fig. 6. BOC(top) and EOC(bottom) axial normalized power 
distribution for Shin-Kori Unit-1 cylce-01 

[SIMULATE-3 vs. RAST-K 2.0] 
 

5. Conclusions 
 

This paper reports the status of RAST-K 2.0 code 
development at UNIST. The new code applies a new 
kernel based on the two-node UNM with CMFD, and θ 
method for kinetic calculation. Also, the micro-
depletion calculation is used to consider the history 
effects. And other modules and functions also 
implemented such as pin power reconstruction, branch 
calculation, restart, multi-cycle, and 1-D single channel 
T/H solver. Especially RAST-K 2.0 has a unique micro-
depletion module compared to the other diffusion codes, 
and its accuracy was verified with Shin-Kori Unit-1 
cycle-01 and a fuel assembly problem. 
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