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INTRODUCTION  

 

       The embedded self-shielding method (ESSM) [1] has 

been developed to estimate the local self-shielded cross 

sections (XS) for the SCALE computation system [2]. 

The ESSM is fundamentally a variation of the extensively 

used Bondarenko method [3]; however it provides tighter 

coupling between the neutron transport and self-

shielding(S-S) calculations, so that the heterogeneous S-S 

effects are consistent with the multi-group (MG) transport 

calculation of the full system.  This is accomplished by 

embedding the S-S computation within a fixed-source 

transport calculation that provides scalar fluxes to 

compute parameters for the Bondarenko method. The 

fixed-source transport solution can be performed with the 

same code and geometry used to compute the system 

eigenvalue, so that shielded XSs are produced directly for 

the problem-specific transport geometry. However, this 

ESSM includes a drawback in resonance interference 

consideration which is achieved by the Bondarenko 

iteration.  

In SCALE 6, resonance interfered self-shielded cross 

sections are obtained by solving a slowing down equation 

for a heterogeneous pin cell. [4] Although this approach is 

able to consider resonance interference explicitly, the 

computing time is very expensive and the accuracy for a 

multi-pin problem is dependent upon a quality of Dancoff 

factor.  

It is known that interference between resolved 

resonances is not sensitive to the environment, [5] which 

enables resonance interference correction terms to be 

obtained from 0-D slowing down calculations equivalent 

to the heterogeneous model. The purpose of this paper is 

to assess the possibility of coupling of ESSM with a 0-D 

slowing down calculation equivalent to the heterogeneous 

model in which basis self-shielding calculations are 

performed by ESSM and resonance interference 

corrections are made by 0-D slowing down calculation, 

and to setup the overall procedure in the SCALE system.   

 

DESCRIPTION OF METHOD  

 

A new procedure of ESSM coupled with 0-D slowing 

down could be established through various slowing down 

analyses in the following section as follows.  

 

 

a. Self-shielded cross sections for each nuclide are 

obtained by solving the following pointwise slowing 

down equation without any resonance interference for 

2-D pin cell configuration.  
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In eq. (1), (u) and N are the total macroscopic cross 

section and atomic number density, respectively and 

Ai and i are the atomic mass and the maximum 

lethargy gain per collision with isotope i, 

respectively. 1-i is the maximum fractional energy 

loss per collision with isotope i. The pointwise scalar 

flux can be obtained by solving eq. (2) using the 

pointwise cross sections. The effective self-shielded 

cross section of the resonance isotope for each group 

can be obtained by using the following equation: 
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In eq. (1) only one resonance nuclide is considered to 

exclude resonance interference and other nuclides are 

treated as background nuclides including only 

potential scattering cross section.  

 

b. The corresponding background cross section is 

calculated by using the following ESSM equations for 

the same pin cell configuration.  
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c. Full Bondarenko F-factors as a function of background 

cross section can be generated by changing dilution 

(composition and geometry) which are called 

heterogeneous F-factors.  

 

d. In the application eq. (4) is solved for any geometrical 

configuration and the background (g,b) and 

equivalence cross sections (g,e) can be obtained by 

using eq. (5). Basis self-shielded cross sections 

)~( ,, gxi  can be read from the heterogeneous F-factor 

table.  

 

e. Conventionally resonance interferences are considered 

through the Bondarenko iteration. However, in the 

new procedure resonance interference terms are 

obtained by solving the following slowing down 

equation equivalent to the heterogeneous problem in 

which equivalence cross section (g,e) is from eq. (5).  
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Resonance interference terms can be obtained from 

two different homogeneous calculations. All the 

resonance nuclides are included in the first calculation 

(interfered) and only one target resonance nuclide is 

considered in the second calculation (non-interfered). 

Resonance interference correction terms can be 

calculated by using the following equation. 

 
terferednonin

gxi

terferedin

gxigxi ,,,,,,
ˆˆˆ   .                   (7)     

 

f. Final self-shielded cross sections will be as follows: 
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       If there are N resonance nuclides at the step “e,” the 

computing time will be very expensive because N+1 0-D 

slowing down calculations should be performed to obtain 

resonance interference terms for each nuclide. In order to 

avoid this computational burden, other Bondarenko F-

factors based on homogeneous model should be provided 

for each nuclide which are called homogeneous F-factors. 

In this case only one interfered 0-D slowing down 

calculation will be required. Since the equivalence cross 

section (g,e) is provided from ESSM, the effective self-

shielded XSs without resonance interference can be read 

from the homogeneous F-factor table. The only problem 

in this method is that the AMPX master library or other 

library for transport lattice codes should include two types 

of Bondarenko F-factors based on heterogeneous and 

homogeneous models. 

 

ANALYSIS AND RESULTS 

 

       A typical PWR fuel pin cell with UO2 fuel has been 

selected for analysis. When considering resonance 

interference effect, pointwise cross sections for both U
235

 

and 
238

U
 

are included. When disregarding resonance 

interference, one of two resonant nuclides (
235

U and 
238

U) 

is treated as background nuclide which includes only 

potential cross section. 

 

Importance of resonance interference 

 

       Figures 1 and 2 provide comparisons of interfered 

and non-interfered self-shielded absorption and fission 

cross sections for 
235

U and 
238

U.  As shown, there are 

large differences in XSs for several resonance groups. 

Typically these resonance interferences are treated by the 

Bondarenko iteration. However, they cannot be 

effectively considered due to the complicated resonance 

shapes, which results in a discrepancy in reaction rate and 

eigenvalue.  

  

 
Fig. 1. A comparison of interfered and non-interfered self-

shielded cross section (
235

U absorption) 

 

 
Fig. 2. A comparison of interfered and non-interfered self-

shielded cross section (
238

U
 
absorption) 



   

Sensitivity to environment  

 

       To determine how sensitive resonance interference is 

to the environment, two different pin configurations were 

selected. The first one was a typical PWR fuel pin, and 

the second one included a 50% void in the moderator. 

Slowing down calculations for two fuel pins were 

performed with and without resonance interference. 

Resonance interference terms were calculated for each 

pin, and fractional differences between resonance 

interference terms for two pins were calculated, and 

compared to the fractional resonance interference terms. 

The sensitivities of interfered self-shielded absorption 

cross sections to environment for 
235

U and 
238

U are shown 

in Figures 3 and 4, respectively.  

       As can be noted, the resonance interference terms are 

insensitive to environment, indicating that a new 

procedure would be much simpler. In other words, it is 

probable that resonance interference terms for a 

heterogeneous model can be accurately generated from a 

simplified homogeneous model. 

 

 
Fig. 3. Sensitivity of interfered self-shielded cross section 

to environment (
235

U) 

 

 
Fig. 4. Sensitivity of interfered self-shielded cross section 

to environment (
238

U) 

 

Homogeneous vs. heterogeneous models 

 

       Any differences between self-shielded cross sections 

from homogeneous and heterogeneous models must be 

determined. The equivalence cross sections (g,e) for fuel 

region are obtained from the heterogeneous model by 

using eqs. (1), (4) and (5), and then eq. (6) is solved with 

g,e from the heterogeneous calculation. Since both cases 

provide the same background cross section, a comparison 

of self-shielded cross sections provides the difference 

between homogeneous and heterogeneous models in self-

shielded cross sections.  

       Figures 5 and 6 provide absolute and fractional 

differences between self-shielded cross sections from 

homogeneous and heterogeneous models for 
235

U and 
238

U, respectively. While there are relatively small 

differences in 
235

U, there are significant differences in 
238

U. This result shows why the heterogeneous F-factors 

should be used as the basis self-shielded XSs instead of 

homogeneous F-factors.  

 

 
Fig. 5. A comparison of self-shielded cross sections 

(homogeneous vs. heterogeneous, 
235

U) 

 

 
Fig. 6. A comparison of self-shielded cross sections 

(homogeneous vs. heterogeneous, 
238

U) 

 

Accuracy of 0-D resonance interference 

  

       Although it was shown that the resonance 

interference effect is not sensitive to environment, the 

effectiveness of resonance interference terms obtained 

from 0-D slowing down calculation in heterogeneous 

models must still be determined. Resonance interference 

terms for heterogeneous models are directly obtained 

from slowing down calculations using eq. (1), from which 

the equivalence cross sections (g,e) for fuel region are 

obtained using eqs. (4) and (5). Then eq. (6) is solved 

with g,e from the heterogeneous calculation from which 

resonance interference terms are obtained.  



   

       Figures 7 and 8 provide fractional differences 

between resonance interferences from the homogeneous 

and heterogeneous models for 
235

U and 
238

U. In order to 

see how small these differences are, they are compared to 

the fractional differences in self-shielded absorption cross 

sections due to resonance interferences. It is noted that 

resonance interference terms from the 0-D slowing down 

calculation are very consistent with the heterogeneous 

ones. 

 

 
Fig. 7. A fractional difference of self-shielded cross 

sections from homogeneous and heterogeneous models 

(
235

U) 

 

 
Fig. 8. A fractional difference of self-shielded cross 

sections from homogeneous and heterogeneous models 

(
238

U) 

 

CONCLUSION  

 

       Figure 9 provides a diagram of ESSM with resonance 

interference treatments based on the Bondarenko iteration 

method or the 0-D slowing down calculation in the 

AMPX [6] and SCALE code systems. Computing time 

for a 1 million group 0-D slowing down calculation with 

equivalent lethargy width is less than 0.2 sec, which is not 

a burden and can be easily parallelized. In addition, there 

is room to improve computing time by using a non-

equivalent lethargy width.  

       This procedure is promising for the next-generation 

transport lattice code which includes the advantages of the 

SCALE-BONAMI/CENTRM approach for the explicit 

resonance interference and various Bondarenko 

approaches such as ESSM and the subgroup methods to 

estimate self-shielded XSs considering the problem-

specific geometry. 

 

 
Fig. 9. Flow chart of a new resonance interference 

treatment 
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