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ABSTRACT 
Questions, related to Monte-Carlo method for solution of neutron and photon transport equation, are discussed in the 
work concerned. Problems dealing with direct utilization of information from evaluated nuclear data files in run-time 
calculations are considered. ENDF-6 format libraries have been used for calculations. Approaches provided by the rules 
of ENDF-6 files 2, 3-6, 12-15, 23, 27 and algorithms for reconstruction of resolved and unresolved resonance region 
cross sections under preset energy are described. The comparison results of calculations made by NJOY and GRUCON 
programs and computed cross sections data are represented. Test computation data of neutron leakage spectra for 
spherical benchmark-experiments are also represented.  

INTRODUCTION 
The problem of nuclear safety and reliability is one of 

the basic issues in the development and manufacturing of 
Nuclear Power Plants (NPPs). One of the ways to solve this 
problem is to improve radiation shielding calculation 
precision. This can be achieved by describing a real 3-D 
geometry of an object being studied and detailed accounting 
of information about radiation-material interaction. It is the 
Monte-Carlo method that allows developing program 
systems for numerical computation of neutron and photon 
particles transport tasks. The state-of-the-art development of 
computer technologies and gradual increase of processing 
power presumes to perform calculations with desirable 
precision. Utilization of up-to-date information contained in 
evaluated data files is provided by demands of calculation 
precision increase. Constant Unit (CU) which is included in 
program systems based on Monte-Carlo method can do this. 
The functions of CU are simulation of particle’s interaction 
process and utilization of information about these 
interactions (cross sections of interactions). Among well-
known program systems (like MCNP) there is no one yet 
that could extract necessary cross section values directly 
from data files in program’s run-time.  

METHODS 
In these latter days BRAND program system based 

on Monte-Carlo method is developed. This system is 
oriented to solve transport equation with a maximum 
precision and let us estimate different integrals. However 
while making computer codes, sufficient and painstaking 
tasks appears, such as the development of Constant Unit 
(CU) to solve radiation transport problems. Particularity 
of CU methods allows to produce utilization of radiation-
material interaction information directly from evaluated 
data libraries without any simplifications. The use of such 
kind of information cause both the technical complexity 

(great volume of information, composite representation 
structure) and the methodical complexity (a variety of data 
representation laws). Thus the development of up to date 
high-performance sensitive CU is a question of great 
import in a way of effective use of Monte-Carlo method is 
radiation transport problems. The sources of information 
for CU are generally Evaluated Nuclear Data Files 
(ENDFs), which actually incur processing by special 
processing programs (PPs). In our days there are many PP 
systems (for example: NJOY (developed in USA) and 
GRUCON (developed in Russia)), which process data 
from ENDF-6 libraries. The positives of using these 
systems are multitasking, wide range of data being 
derived, machine-processable form, user-friendly 
interface. The negatives of processing can be described as 
follows: by using PP we bring an additional inaccuracy 
into data which can not be estimated in principle and can 
not be separated from constant bias of ENDF. Therefore, 
further matching of calculated results and benchmarks 
permits to test data obtained only after processing. One of 
the ways to estimate an additional inaccuracy bringing by 
processing is the application of Monte-Carlo method with 
direct utilization of information from nuclear data files 
excluding any processing. Based on this approach an ad 
hoc technique is developed for verification and validation 
both of PPs and ENDF precision. Moreover the solution 
of transport equation using data obtained directly from 
ENDF libraries is a matter of great interest by it self since 
it allows to use an information about radiation-material 
interaction in calculations without any processing. 
Thereby the development of CU that is able to prosecute 
calculations in entire energy range with the ability of 
using different library formats and approximation models 
is very useful. Developed CU is a routine complex 
realizing: 

• data retrieval from ENDFs necessary to solve 
particular task 



• data processing in order to make computer-
processable data format 

• transfer data to another routines 
• sampling value generation from physical value 

distribution laws 
• physical process simulation of particle-material 

interaction and birth of secondary particles 
Constants retrieval from different ENDFs (ENDF/B-

VI, JENDL-3, FENDL-2, BROND-3 and others) and their 
processing in order to make computer-processable data 
format and writing to work massive of Constant Unit is 
made by special subroutines separately for each constant 
type. 

Resolved Resonance Region 
A number of modifications has been made in some 

routines of BRAND Constant Unit to provide direct 
calculations of neutron-material cross sections in resolved 
resonance region under the given neutron energy. While 
simulating neutron path a resolved resonance region 
energy range check is traced. Then necessary cross 
sections for material, with which a neutron interaction has 
occurred, are looking in work massive of Constant Unit. 
Next step is to determine formalism1 for given neutron 
energy which describes cross section volumes recovery 
and then, according to formalism being chosen, a volumes 
of partial and total cross section for given energy are 
calculated. To parameterize data about neutron cross 
sections in resolved resonance region six formalisms of 
ENDF/B-VI file 2 may be used. They are: 

1. Single-level Breit-Wigner formalism; 
2. Multi-level Breit-Wigner formalism; 
3. Reich-Moore formalism; 
4. Adler-Adler formalism; 
5. General R-matrix formalism; 
6. Hybrid R-function formalism. 
In the given work BRAND system Constant Unit 

contains algorithms realizing three of mentioned 
formalisms (Single-level and Multi-level Breit-Wigner 
formalisms and also Reich-Moore R-matrix formalism). 
The choice of these formalisms is conditioned by that they 
used to describe cross section structure in resolving 
resonance region for many nucleuses like Fe56, Pb208, U235, 
U238, Pu239 and others. All the equations and formulas for 
these formalisms are well-known and can be found in the 
literature therefore we will not represent them in this 
paper. CU routines complex recovering detailed flow of 
cross sections in resolved resonance region can be 
partitioned in the parts as follows: 

• processing segment (PS) 
• control segment (CS) 
• implementation segment (IS) 

                                                           
1 Formalism of ENDF-6 file 2 is a complex of techniques and rules, 
which allows creating algorithms recovering interaction cross section 
value under preset energy. 

PS extracts data from ENDF/B-VI file 2 for each 
isotope, process data to make computer-processable 
format and forms working massive. 

CS co-ordinate the work of all Constant Unit 
subroutines. 

IS contains subroutines to handle material resonance 
information for considerable formalisms from file 2. 

Unresolved resonance region 
The main difference of cross section recovering in 

unresolved resonance region from that of in resolved 
resonance region is an essential difficulty to simulate 
cross section structure. Point cross section recovering is 
impossible for lack of the ability to determine single 
resonance parameters. ENDFs contains only average 
widths and level spacing characteristic data. Thus it is 
necessary to simulate resonance parameters in order to 
recover cross sections under preset energy. Approaches 
and techniques for resonance parameter simulation have 
been developed and included as a series of subroutines in 
CU of BRAND program system. 

Photon transport in BRAND program system 
Developing and combining a number of subroutines, 

which simulate secondary photon emission transport, 
BRAND program system get an offing to calculate 
secondary photon emission spectra in computing tasks. 
The following parameters for photon emission transport 
simulation are used: 
• neutron energy after interaction 
• statistical weight before interaction 
• the element being interacting with neutron 
• neutron interaction type  

Photon part of Constant Unit simulate the follows 
values: 
• photon energy 
• photon statistical weight 
• photon ruler angles 
• photon interaction type 
• the element being interacting with photon 

Multiplicity information is derived from ENDF-6 file 
12. In case of discrete photons their energy is given 
explicitly. Normalized tabulated function is represented 
for energy photon continuum in ENDF-6 file 15. 
Simulation of ruler angles under angle isotropic is quite 
simple. For angle unisotropic a constant data for ruler 
angles simulation is derived from ENDF-6 file 14. 

All information about partial photon cross sections 
extracts from ENDF-6 files 23, 27. This information is 
used to simulate the follow types of reactions: 
• coherent scattering; 
• incoherent scattering; 
• photon absorption; 
• pair production. 



RESULTS 
Further development of Monte-Carlo method 

application in radiation transport issues has been put over. 
A unique model of cross sections extraction from ENDFs 
for given isotope and subsequent build of task library has 
been realized. Any files in ENDF-VI format can be used 
in CU as well as their combination. This brings a wide 
flexibility of benchmark data generation for any 
experiment performed by BRAND program system. A 
highly precise algorithms permitted to reconstruct detailed 
cross section form in resolved resonance energy region 
have been designed. An unique algorithms for radiation-
material cross section simulation in unresolved resonance 
energy region also have been designed. All algorithms 
realized in computer codes.  

CONCLUSION  
The precision software tools were developed and 

included into Constant Unit of the BRAND Monte Carlo 

Code System to validate other programs and information 
of nuclear data libraries. Series of experiments was 
performed to calculate neutron and photon leakage spectra 
from spherical samples. The results obtained shown on 
figures 1-5. 
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FIGURE 1.  Neutron leakage spectra from steel sphere 



 

FIGURE 2.  Relation MCNP and BRAND results to experimental dots 

 

 

FIGURE 3.  Detailed structure of neutron spectra at 0.02 – 0.1 MeV 



 

FIGURE 4.  Comparison of various nuclear data libraries 

 
FIGURE 5.  Secondary photon leakage spectra from PB sphere 


