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ABSTRACT 
 

The Monte Carlo (MC) method is a powerful and flexible approach for multi-group diffusion 
constants (MGDCs) generation due to its capabilities in a complex geometry modeling, high accuracy in 
neutronic calculations and utilizing continuous energy neutron cross sections data libraries. This paper 
describes a comparison study of a new method in the MCNP5 MC code to generate MGDCs such as 
scattering cross section and diffusion coefficient which are not directly obtained from MCNP code output. 
In this study, the results of the proposed method in the MCNP5 MC code to generate diffusion coefficient 
and group cross sections such as slowing-down cross section are compared with those of the WIMSD5 
deterministic lattice code for two case studies including a typical slab and a PWR pin-cell benchmark 
problems. The generated MGDCs via applied method shows a good comparison to the reference 
deterministic values. 
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1. INTRODUCTION 

 
Neutron multi-group cross sections (MGXSs) are widely used in reactor physics calculations [1]. 

They are the foundation of discrete ordinates and diffusion theory codes as well as nodal diffusion theory 
codes. MGXSs also can be used in MC codes to decrease the running time of the calculation. The 
calculation of MGXSs to apply in various reactor physics codes is a task that can be rather difficult to 
perform so that the derivation of them is a complicated, multi-stage procedure, as cross section can vary 
strongly with energy, especially in the resonance region [1] and [2]. Normally the continuous-energy 
cross section data is generally processed to obtain fine-group cross sections, without taking into account 
the geometry of the system. In a cell or lattice calculation the geometry is taken into account, often in an 
approximate way, to condense the fine-group cross sections to few-group cross sections homogenized 
over a certain region, mostly a fuel assembly. In addition to an approximationin the geometry, a lattice 
code inherently applies estimates to the neutron transport model.Therefore, there is an interest in 
obtaining MGXSs without major approximations. This can be accomplished with a general purpose MC 
method. However, not all MC codes have the required options for that and no general purpose MC code 
will be able to estimate the elements of the scattering matrix belonging to the multi-group set [1] to [4]. 
As mentioned, the generation of multi-group neutron cross sections is usually the first step in the solution 
of reactor physics problems. This typically includes generating condensed cross section sets, collapsing 
the scattering kernel, and within the context of diffusion theory, computing diffusion coefficients that 
capture transport effects as accurately possible [3]. 

Although the calculation of multi-group constants has historically been done via deterministic 
methods, it is natural to think of using the MC method due to its geometric flexibility and robust 
computational capabilities such as continuous energy transport calculations [3]. The continuous energy 
MC method is well known to yield an accurate calculation because of its low number of approximations. 
This method from the viewpoint of its reduced number of approximations is desirable for 
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complicated geometries [5]. While the deterministic lattice codes are not capable of dealing with energy 
as a continuous variable the MC codes make use of a continuous energy cross sections data for neutron 
transport calculations [1] to [5]. Furthermore, the MC method has recently been enhanced with a burnup 
calculation capability so that it can be used as an accurate burnup calculation method which is a vital 
requirement for multi-group constants generation for reactor core calculations [5]. In addition the 
advantage of generating cross sections using MC codes is that the flux spectrum is accurately calculated 
in all parts of the user-specified geometry. This eliminates the need for making one and two dimensional 
approximations in a cross section developing process. The major disadvantage of using MC method is the 
amount of preparation time on the part of the user and more importantly the amount of time the 
calculations take to execute. However, the advantage in accuracy will hopefully outweigh the 
disadvantages for certain applications. Also, the advancement of computing technology has greatly 
facilitated the progression of this method for reactor core calculations. In the literature there are some 
studies which have investigated MGXSs generation by MC method [1] to [11]. 

Currently most general purpose MC codes are not able to estimate the multi-groupscattering and 
transport cross sections. Therefore the presented study focuses on calculating the slowing-down scattering 
and transport cross-sections and consequently the diffusion coefficient using MC method, particularly 
MCNP5 code. Indeed in this paper the results of applied method in MCNP5 MC code to generate the 
diffusion coefficient and the slowing-down cross-sections are compared with the WIMSD5 deterministic 
lattice code results for two benchmark problems.  
The structure of this paper is as follows: In Section 2 the multi-group neutron constants generation and 
the applied methodology in his study to produce diffusion coefficient and slowing-down cross section are 
discussed. In section 3 the results of the presented method are compared with the WIMSD5 deterministic 
lattice code results for two benchmark problems. Finally, in Section 4 general conclusions regarding 
mentioned few-group constants generation methodology are presented. 
 
2. Methodology  

 
This section introduces the multi-group neutron diffusion constants and implemented method in 

the MCNP5 code to generate multi-group parameters.   
 
2.1 Multi-group diffusion constants generation  

 
Multi-group diffusion constants which are required to solve the diffusion or transport equations are 

defined as equations (1) to (7) which contains the absorption, production, total, scattering and transport 
macroscopic cross sections and diffusion coefficient [12].  

 
 

   

 

1

1

E g
aE gag

E g
E g

E E dE

E dE










 



 (1)

 

     11 E gfg f
E gg

E E E dE  


  
 (2)

 

   11 E gtg tE gg

E E dE


  
 (3)

Archive of SID

www.SID.ir

http://www.sid.ir


 

 
 3  اولين همايش ملي مهندسي قدرت و نيروگاه هاي هسته اي

 

   
 

'1 1 ' ' '
'

'
' 1 ' '
'

EE g g
sE g Eg

sg g E
g

E
g

dE dE E E E

E dE





 



  
 



 
(4)

' '' 1

G
sg sg gg 
  

 (5)

trg tg sg     (6)

trg tg sg     (7)

In the above equations: g is the energy group, φg neutron flux of group g in (neutron/cm2s), Σag 
absorption, Σfg fission, υΣfg production, Σtg total, Σsg scattering and Σtrg transport macroscopic cross 
sections of group g in (cm-1), respectively, Σsg’g macroscopic scattering cross section from energy group 
g’ to g in (cm-1) and Dg neutron diffusion coefficient of group g in (cm). 

As we know the multi-group cross sections for 'direct' reactions (i.e. capture, fission, production, 
total, etc.) are simply the reaction rate density divided by the group flux which can easily be obtained 
using F4 and FM4 tallies options of MCNP5 code. But not all MC codes have the required options for 
that and no general purpose MC code will be able to estimate the multi-group scattering and transport 
cross sections and/or diffusion coefficient [1] to [5] and [7]. Indeed the cross section data within the 
MCNP code is organized in a fashion designed for efficient radiation transport simulation; therefore it is 
not currently possible to calculate group-to-group scattering cross sections [2]. For this reason, a MGXSs 
generation method has been implemented in the MCNP5 MC code that is capable of computing 
macroscopic slowing-down scattering cross section and diffusion coefficient for transport or diffusion 
applications. This methodology was proposed by researchers to perform in the MVP-BURN MC code to 
generate the diffusion coefficient and slowing-down cross section [5]. In this method some appropriate 
approximations for these parameters calculation are applied. We apply this methodology in MCNP5 MC 
code to generate MGDCs. The next section describes the proposed method. 
 
2.2 MCNP MC based group constants generation 

 
In this section the theory of applied method in MCNP5 code for the diffusion coefficient and 

slowing-down cross section estimations is briefly discussed. At first, the derivation of the diffusion 
coefficient is described that cannot be directly obtained from MC codes output. As mentioned the 
diffusion coefficient is defined as equation (7) and the macroscopic transport cross-section is usually  

1 ela, 1tr t P t P      
(8)

Where 
t , 

1P  and 
ela, 1P are the macroscopic total cross-section, the P1 component of 

scattering cross section and the P1 component of elastic scattering cross-section, respectively. Because 
the value of 

ela, 1P can not be directly obtained from the MC code output, the following approximation 

is used: 
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Where ela is the total macroscopic elastic scattering cross-section,  is the total averaged 

scattering cosine,  i is the averaged scattering cosine of nuclide i, iN is the number density of nuclide 

i, i
ela

 is the microscopic scattering cross-section of nuclide i,  R. iR
ela

is the macroscopic elastic scattering 

reaction rate of nuclide i and φ is the neutron flux. Using Eqs. (7), (8) and (9), the diffusion coefficient is 
obtained as follows: 

 , 1

1 1 1
3 3 .

3
iitr t ela P ela
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(10)

For the averaged scattering cosine i , value of 0.667 for H (from 2/(3A)) and 0.35 for the other 

nuclides at fast energy are used. As mentioned before the slowing-down cross-sections cannot be obtained 
from the MC codes output. To calculate the slowing-down cross-sections from fast-to-resonance and 
resonance-to-thermal groups, it is assumed that all neutrons are generated in fast energy, then slow down 
to resonance energy,and finally to thermal energy. Under this assumption, the neutron balance of infinite 
lattice can be written as follows: 

 1 1 1 2 2 3 31 1 2 3
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Where g is the flux of energy group g, Σrg is the macroscopic removal cross-section of energy 

group g, Σfg is the macroscopic fission cross-section of energy group g, Σslg→g' is the macroscopic slowing 
down cross-section from energy group g to g', and νg is the averaged neutron number of fission neutrons. 
Using Eqs. (11-a)–(11-c): 

11 22

1 2

S

r









 
(12)

3 11 2 12 3

1 2 3
.S S

r r




  


 

 
(13)

11 2 3 3 11 2 12 31 1 2 2

1 1 2 1 2 3
. . .S f S Sf f

r r r r r r
k

    


    
  

     
(14)

Macroscopic removal cross-sections of each energy group can be written as follows: 

1 1 1 11 2r f c S      (15-b)

2 2 2 12 3r f c S     (15-b)

3 3 3r f c    (15-c)
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Where Σcg is the macroscopic capture cross-section of energy group g. Substituting Eqs. (15-a)–(15-c) 
into Eqs. (11-b) and (11-c), 

11 2S  and 
12 3S  can be obtained as follows: 

   32
11 2 2 2 3 3

1 1
S f c f c


        (16)

 3
12 3 3 3

2
S f c


    (17)

 
Therefore the fast-to-resonance and resonance-to-thermal slowing down cross sections can be 

calculated from Eqs. (16) and (17), respectively. We apply the presented methodology in MCNP5 MC 
code to produce two-group MGDCs for slab and pin-cell benchmark problems. Then obtained results 
using proposed method are compared with the WIMSD5 code results. 
 

 
3. Results 

 
This section presents the results of the implemented method in MCNP5 code for group constants 

generation. Two-group diffusion coefficients and slowing-down cross section for a slab and a PWR pin 
cell benchmark problems are produced and compared with those from the WIMSD5 deterministic code 
results.  
 
3.1 Slab benchmark problem  

The slab benchmark problem is made up of two regions; fuel and moderator, respectively. 
Geometry of the two-region slab benchmark problem is shown in Figure 2 [6]. At x=0 symmetry and at 
x=35 cm vacuum boundary conditions are applied. Region-wise number densities of nuclide are given in 
Table 1 [6]. 

In the first part of the method, Monte Carlo simulation of the two-region slab benchmark problem 
is carried out for two-group at room temperature. The energy interval 0-0.625eV and 0.625eV-10MeV are 
taken as fast and thermal group, respectively. Region-wise cross sections are generated using MCNP5 
MC code. Generated two-group parameters are compared with the results of WIMSD5 lattice code as 
given in Table 2. 

 
   

                                         Table 1. Number density of nuclide for slab problem 
[atoms/barn.cm] [6] 

 
 
 
 
 
 
 
 
 
 

Fig.1. Geometry of slab benchmark problem [6] 
 

 
 

 

Region Nuclide 
Number Density of 
Nuclide #/barn-cm 

Fuel 
(Uranyl) 

U235 1.22884E-04 
U238 0.0010919 
N 0.0033924 
H 0.0948796 

Water 
H 0.066606 
O16 0.033326 

Fuel Region Water Region

V
ac

uu
m

x=0 x=20cm x=35cm
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Table 2. Comparison of two-group constants between MCNP5 and WIMSD5 codes for two-region slab 
problem 

 
3.1 2-D Pin-cell benchmark problem of TMI-PWR 

In this section, the generation of diffusion coefficient and group cross sections such for a TMI-1 
PWR pin-cell is considered [6]. The calculations of 2-D pin-cell benchmark problem is performed at Hot 
Zero Power (HZP) condition. In this condition, fuel and moderator temperatures are taken as 551K and 

moderator density is taken to be 766 kg/m
3

. Geometry and parameters of 2-D PWR pin-cell model are 
given in Figure 2 and Table 3, respectively [6]. To take streaming effects into account at z=180 and z=0 
vacuum and symmetry boundary conditions are applied, respectively [6]. For this case study, two-group 
region-wise cross sections are generated using MCNP5 MC code. A comparison of the obtained results 
with WIMSD5 lattice code results is presented in Table 4.   

 
 
 

                                                                                        Table 3. Parameters of TMI-PWR Pin-cell 
                                                                                          [atoms/barn.cm] [6] 

Fuel pin
p

gap

cladding
moderator

p-pitch of the unit cell  
 
Fig.2. Schematic of TMI-PWR pin-cell [6] 
 
 

 
 
 
 
 
 
 

Group parameters 
This study 

(MCNP5 code) 
Transport-B1 
(WIMSD5) [6] 

 Fuel Region Water Region Fuel Region Water Region 
∑a1 [cm-1] 5.53E-03 5.09E-04 6.17E-03  5.95E-04  
∑a2 [cm-1] 8.41E-02 1.90E-02 9.77E-02  1.85E-02  
ν∑f1 [cm-1] 2.65E-03 -------- 3.21E-03  -------- 
ν∑f2 [cm-1] 1.16E-01 -------- 1.36E-01  -------- 
∑S1 →2 [cm-1] 5.05E-02 4.57E-02 5.82E-02 6.28E-02 

D1 [cm] 1.00E+00 8.31E-01 1.37E+00 1.21E+00 
D2 [cm] 3.88E-01 1.64E-01 1.21E-01 1.59E-01 

Parameter Value 
Pin-cell pitch, mm 14.427 
Fuel pellet diameter, mm 9.391 
Fuel pellet material UO2 

Fuel Density(95% TD), g/cm3 10.283 
Fuel enrichment, w/o 4.85 
Cladding Outside Diameter, mm 10.928 
Cladding Thickness, mm 0.673 
Cladding Material Zircaloy-4 
Gap Material He 
Moderator material H2O 
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Table 4. Comparison of two-group constants between MCNP5 and WIMSD5 codes for two-region pin-
cell problem 

 
 
 
 
 
 
 
 
 
 

 
 

4. Conclusions 
 

In this study a new method for generating the diffusion coefficient and the slowing-down cross 
section was implemented in the MCNP5 MC code. The presented method was validated using a series of 
benchmark problems. First, the mentioned method in MCNP5 code was applied to the a typical slab and a 
PWR pin-cell benchmark problems. For both cases two-group diffusion coefficients and slowing-down 
cross sections were calculated by MCNP5 MC code. Then, the calculated constants by prposed method 
were compared with the results of WIMSD5 deterministic code (Tables 2 and 4). Comparison of group 
constants between MCNP5 and WIMSD5 codes illustrated that the applied method in this study can be 
introduced as a successful method to generate group constants especially diffusion coefficient which 
cannot be directly obtained from MC codes. Although, the results of two approches were comparable, 
however, there was  some discrepancy in the results which is mainly due to the different applied 
methodology in the two codes for solving neutron transport equation. It is worth mentioning that despite 
using some approximations in the proposed method,  it is practical for core simulators which utilize two- 
and three-group constants. To generate the constants for multi group core simulators which use more than 
three energy groups, more attention will be need to make slowing down cross-sections. However, the 
advantages of presented method such as reduction in computational time and relatively good accuracy in 
group constants calculations with relatively low number of history run will outweigh the disadvantages 
for certain applications. The computational accuracy by presented method can be probably enhanced to a 
sufficient degree by increasing the number of neutron histories. But this pushes up the cost of calculation 
at the same time. Thus there is a trade-off between the time and the accuracy.  
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