
2013 International Nuclear Atlantic Conference - INAC 2013 
Recife, PE, Brazil, November 24-29, 2013 
ASSOCIAÇÃO BRASILEIRA DE ENERGIA NUCLEAR - ABEN 
ISBN: 978-85-99141-05-2 
 

COMPARISON OF DEPLETION RESULTS FOR A BOILING WATER 
REACTOR FUEL ELEMENT WITH CASMO AND SCALE 6.1 

(TRITON/NEWT) 
 

C. Mesado1, D. Morera1, R. Miró1, T. Barrachina1, G. Verdú1, Alberto Concejal2, 
Amparo Soler3, José Melara4 

1Institute for the Industrial, Radiophysical and Environmental Safety. 
Universitat Politècnica de València (UPV). 

Camí de Vera s/n. 
46021 Valencia, Spain. 

cmesado@isirym.upv.es, dmorera@isirym.upv.es, rmiro@isirym.upv.es, tbarrachina@isirym.upv.es, 
gverdu@isirym.upv.es 

 
2Iberdrola Ingeniería y Construción, S.A.U. 

Av. Manoteras, 20. 
28050 Madrid, Spain. 

acbe@iberdrola.es 
 

3SEA Propulsion S. L. 
Av. Atenas, 75. 

28290 Las Rozas (Madrid), Spain. 
asoler@iberdrola.es 

 
4Iberdrola Generación Nuclear. 

Tomás Redondo, 1. 
28033 Madrid, Spain. 
j.melara@iberdrola.es 

 
 

ABSTRACT 
 

In this work, the results of depletion calculations with CASMO and SCALE 6.1 (TRITON) are compared. To 
achieve it, a region of a Boiling Water Reactor (BWR) fuel element is modeled, using both codes. To take into 
account different operating conditions, the simulations are repeated with different void fraction, ranging from 
null void fraction to a void fraction closed to one. Special care was used to keep in mind that the 
homogenization of the materials and the two group approach was the same in both codes. 
Additionally, KENO-VI and MCDANCOFF modules are used. The k-effective calculated by KENO-VI is used 
to ensure that the starting point was correct and MCDANCOFF module is used to calculate the Dancoff factors 
in order to improve the model accuracy. 
To validate the whole process, a comparison of keff, and cross-sections collapsed and homogenized is shown. 
The results show a very good agreement, with an average error around the 1.75%. 
Furthermore, an automatic process for translating CASMO data to SCALE input decks was developed. The 
reason for the translation is the fact that SCALE’s TRITON module is a new code very powerful and 
continuously being developed. Thus, great advantage can be taken from the current and future SCALE features. 
This is hoped to produce more realistic models, and hence, increase the accuracy of neutronic libraries. 
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1. INTRODUCTION. 
 
Neutronic library generation is of paramount importance for appropriate 3D nodal neutron 
kinetics code simulators, such as PARCS or VALKIN. These libraries contain a data base for 
cross sections and other neutronic parameters. The data included in the libraries depend on 
instantaneous variables, for example fuel temperature, moderator temperature, moderator 
density (or void for BWR), boron concentration and control rod insertion. However, the range 
covered by these instantaneous variables is limited. Thus an appropriate range and also a 
number of points inside the range must be chosen wisely. This choice is important since the 
instantaneous variables in a transient simulation, running with these libraries, could vary 
strongly, especially in an accident simulation. It must be said that the relationship between 
instantaneous variables and neutronic parameters could be not simple; in fact it is shown that 
they are mainly non-linear [1]. 
 
The purpose of this work is the cross section and neutronic parameter generation using 
SCALE 6.1, widely validated [2]. These parameters are collapsed into two energy groups and 
homogenized considering the different materials in a certain assembly section. To achieve 
this goal, different fuel assembly types are modeled using the TRITON sequence, which can 
make use of two different transport codes: NEWT (2D deterministic) and KENO (3D Monte 
Carlo). The fuel assemblies are called Type I and Type II. NEWT and KENO are modules 
within the multipurpose SCALE code (simulation suite for nuclear safety analysis and 
design). NEWT is a 2D multigroup transport code, which uses deterministic methods. KENO 
is the 3D Monte Carlo counterpart. Eventually the cross sections and neutronic parameters 
are obtained using ORIGEN-S module. Previous studies related with cross sections include [3] 
and [4]. 
 
The SCALE input decks are based on CASMO-5 models for the same fuel assembly types. In 
order to validate the results, both codes are run under similar options. CASMO is a 
multigroup two-dimensional transport theory code for burnup calculations on BWR and PWR 
assemblies. 
 
To add value to this study, the process of reading CASMO input and translating it into 
SCALE format, has been automated using MATLAB language [5]. Besides, in order to 
produce better results, Dancoff factors are applied in SCALE model. 
 
The results are obtained for the whole assembly life (as a function of burnup) and for certain 
moderator densities (or void fractions). It must be said that for such long simulations (more 
than 2000 days), the history variables can affect the results, and thus, must be taken into 
account. 
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2. PROCESS: FROM CASMO TO SCALE. 
 
As stated in section 1, the SCALE input deck is based in the homologous CASMO input 
model. Thus, the SCALE input is a translation of the CASMO model. In this section, an 
explanation for each of SCALE blocks is presented. Comments explain, for example, if data 
is extracted from CASMO model or if it is solely for SCALE use. 
 
2.1. TRITON Parameters 
 
Only two TRITON parameters need to be commented here, both are used to obtain more 
accurate results. CENTRM is chosen for cross section processor and addnux is set to 4 
(highest). Addnux parameter adds traces of elements for the depletion process in order to get 
more accurate results. 
 
2.2. Composition Block 
 
First of all, one must know how many different fuel pins are found in the assembly. It is 
necessary for the SCALE lattice cell block. This is expressed in a different way depending on 
the used code. To define a different fuel pin (thus lattice cell), SCALE takes into account the 
composition and the geometry. CASMO considers these two features in separate cards, 
namely PIN and FUE, and their location LPI and LFU. Hence, comparing LPI and LFU, two 
pins are equal only if they have the same number in both cards. 
 
One fuel is created for each different fuel pin, according to the FUE card. Moreover, 
according to [6], two considerations must be taken into account. 
 

a) If the pin has a strong absorber, such as Gadolinium, the same fuel is copied several 
times in order to use it as multiple concentric cylinders in lattice cell and geometry 
blocks. In this study 6 cylinders are modeled. 

b) For each different fuel pin, a different pin, gap and moderator material is created. 
Even if they have identical composition, materials with different ID’s are convenient 
for the lattice cell in order to associate the appropriate cross section sets to each fuel 
pin. 

 
One composition is created according to the mixtures and homogenized materials found in 
CASMO model. It is important to know that CASMO accepts void as instantaneous variable, 
while SCALE accepts moderator density. Hence, the density for moderator inside the canister, 
excluding moderator inside water rods, are calculated as function of void fraction, depending 
on the desired simulation case. 
 
2.3. Celldata block 
 
One lattice cell is modeled for each different fuel pin. The materials are found in the previous 
block and the geometric parameters are found in PIN card. As stated in the previous 
subsection, these two considerations must be followed [6]. 
 

a) For Gadolinium-bearing pins, multi-region is used instead of latticecell. 
b) Each cell has different materials, even if they have identical composition. 
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2.4. Depletion Block 
 
Fuels are depleted by power, unless the associated fuel has strong poison isotope. In such 
case the fuel is depleted by flux [6]. 
 
2.5. Burn Block 
 
SCALE calculates the depletion in a middle point during each cycle. Thus, these middle 
points are set equal to the chronological points where CASMO does the depletion. This 
information can be obtained with the power and burnup data, which are found in TIT, DEP 
and POL CASMO cards. 
 
It must be considered that for gadolinium-bearing lattices, the burnup between steps, must not 
be over 0.5 to 1.0 GWd/MTU before peak reactivity. After the peak, it can be increased to 2.0 
GWd/MTU [6]. 
 
2.6. Parameters Block 
 
A large number of parameters are used; however the most important are explained hereafter. 
 

• cmfd=rect, this activates the coarse-mesh finite-difference acceleration and makes the 
solution converge faster. 

• cmfd2g=yes, second group of acceleration. 
• solntype=keff, type of calculation, multiplication factor in this case. Despite more 

accurate results can be obtained with b1 approximation, it is not used since a 
simulation crash can be obtained with control rods inserted. 

 
2.7. Geometry 
 
Geometry for SCALE model is created according to the assembly type. Two assembly types 
are modeled so far, (Type I and Type II). The geometry is modeled trying to reflect CASMO 
geometry as much as possible. Besides, according to instructions in [6], Gadolinium-bearing 
pins, due to its fast depletion, are modeled with several concentric cylinders with different 
fuel mixture. In this study 6 different cylinders, with equal transversal area, were used. 
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3. USE OF MCDANCOFF MODULE. 
 
MCDANCOFF module is an integrated module in SCALE. It is used to calculate Dancoff 
factors in a fuel pin array. Then, these factors are used in SCALE for lattice calculations in 
order to correct self-shielding resonance. The use of Dancoff factors is highly recommended 
by SCALE developers [6] for BWR. Their value can vary a lot depending on the pin location, 
whether it is corner or edge pin, as can be seen in Figure 1. Dancoff factors are obtained 
using MCDANCOFF module which uses 3D geometry and Monte Carlo code KENO-VI. As 
a new important feature of KENO-VI, it can perform the calculation in continuous energy 
mode as opposed to the traditional multigroup approach. 
 
  

 
Figure 1: Dancoff factors graphical representation. Both models Type I (left) and Type 

II (right) assembly type. Both with 100% void fraction. 
 
The Dancoff factors in Type II model, right of Figure 1, shows how some of the Dancoff 
factors next to the transversal slabs cannot be treated as center pins, but rather as corner or 
edge pins. 
 
As it can be seen in this paper results, in section 5, the use of Dancoff factors change the 
results, mainly, towards a better approximation in relation to CASMO results. Moreover, 
some simulations can crash if Dancoff factors are not used. 
 
 

4. AUTOMATION PROCESS. 
 
The future aim of this work is the massive fuel assembly simulation to generate neutronic 
libraries (nemtab format) for a whole BWR reactor, as an alternative of the 
CASMO/SIMULATE based SIMTAB methodology [7]. Afterwards, the generated neutronic 
library will be used to run PARCS 3D nodal diffusion transients. To easily achieve this goal, 
the process has been automatized using MATLAB language. Thus, being easy to read 
CASMO input and translate it to SCALE input deck. 
 
The process of automation adds value to the process. SCALE has a huge variety of features 
and it is continuously been developed [8]. CASMO geometry is limited to the most common 
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assemblies currently in use, and some geometry details are undisclosed from the user point of 
view. However, SCALE geometry is almost free for the user designer since it is completely 
modeled by the user from scratch. As a result, the model can be more realistic. 
 
Several scripts have been programed in MATLAB to produce SCALE inputs. Depending on 
the user options, the input is written for different modules, TRITON (NEWT) or 
MCDANCOFF. Also, the possibility to simulate the control rods is implemented. Besides, it 
applies the Dancoff factors to the NEWT model, previously calculated with MCDANCOFF 
module. MATLAB also reads CASMO input and output in order to model the assembly and 
compare the cross section and neutronic parameter results. 
 
SCALE produces nice user-friendly plots depicting the material distribution. It is shown in  
Figure 2 for both models, Type I with control rod (left) and Type II (right), along with some 
detailed pins in Figure 3. 
 
 

  
 

Figure 2: SCALE model material distribution. Both assembly types, Type I (left) and 
Type II (right). 

 

   
 

Figure 3: Pin details, fuel pin (left), Gadolinium-bearing pin (center) and guide tube 
(right). 
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5. RESULTS: SCALE-CASMO COMPARISON. 
 
Hereafter in this section, some charts are shown for several cross sections and neutronic 
parameters. Due to the huge number of graphs obtained, only the ones related to Type I 
assembly type are shown here. Unless the contrary is said, most of the graphs are related to 
the case without void. The graphs for other assembly models or void fractions have similar 
trends and differences. In all graphs, three series are sketched with different colors. CASMO 
(black), SCALE without Dancoff factors (red) and with Dancoff factors (green). 
 

  
 

Figure 4: Multiplication factor in function of burnup and void fraction. 
 
Figure 5 to Figure 9 show the comparison for the most important cross sections. In addition,  
Figure 10 to Figure 13 shows the comparison for other important neutronic parameters. 

  
 

Figure 5: Absorption cross section for energy group 1 (left) and group 2 (right). 
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Figure 6: Nu times fission cross section for energy group 1 (left) and group 2 (right). 
 

  
 

Figure 7: Scattering cross section for energy group 1 (left) and group 2 (right). 

  
 

Figure 8: Samarium cross section, macroscopic (left) and microscopic (right). 
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Figure 9: Xenon cross section, macroscopic (left) and microscopic (right). 
 

  
 

Figure 10: Diffusion coefficient for energy group 1 (left) and group 2 (right). 
 

  
 

Figure 11: Neutron inverse velocity for energy group 1 (left) and group 2 (right). 
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Figure 12: Neutron decay constant for neutron group 1 to 3 (top and from left to right) 

and group 4 to 6 (bottom and from left to right). 
 

 
 

Figure 13: Delayed neutron fraction for neutron group 1 to 3 (top and from left to right) 
and group 4 to 6 (bottom and from left to right). 
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6. CONCLUSIONS. 
 

Section 5 in this paper presents the obtained results, so far, in this study. The different graphs 
show the comparison between CASMO and SCALE (with and without Dancoff factors 
applied). 
 
In Figure 4, the multiplication factor as function of burnup and void fraction is shown. It 
shows a good comparison. Figure 5 to Figure 9 show several cross sections. Through these 
charts, good agreement can be seen for most of the results. Even though the scattering cross 
section, Figure 7, shows a rough comparison, the maximum relative error, around 20 
MWd/TU for energy group 1, is only 3.8%. 
 
Figure 10 to Figure 13 show the comparison for the most important neutronic parameters. 
They also show, mainly, a good agreement. The maximum relative error for the diffusion 
coefficient in energy group 1, Figure 10, is 6.7%. The neutron inverse velocity for energy 
group 1, Figure 11, shows bigger discrepancy (similar to scattering cross section). However, 
CASMO neutron velocity is flux weighted, while SCALE does not weight it (this needs more 
studies). Moreover, neutron decay constant and neutron delayed fraction, Figure 12 and 
Figure 13 respectively, show strong discrepancy for the delayed neutron group 6. 
 
As ongoing work, it must be said that this study continues with the burnup of all fuel 
assemblies in a BWR reactor. This could be done easily since the process was automatized 
with MATLAB. Finally, a neutronic library can be created for the simulated BWR reactor. 
This library could be used to run a neutronic diffusion code, with or without thermal-
hydraulic coupling. 
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