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Abstract - As basis for systematic sensitivity and uncertainty analyses of fast spectrum systems with 

modules of the SCALE code package, new multi-group cross section libraries are generated considering 

typical hard neutron flux spectra and a sufficient resolution of the resonances in the fast energy. The 

performance of the new libraries is investigated in terms of the eigenvalue, the neutron flux and reaction 

rates in criticality calculations, and for the generation of group constants. The fuel assembly models 

utilized for these studies are borrowed from the specifications of two sodium-cooled fast reactors 

containing metal and oxide fuel, respectively, that are defined within the SFR-FT benchmark. To estimate 

the influence of geometrical effects within the self-shielding calculations, heterogeneous fuel assemblies 

are investigated as well as their homogenized variants and corresponding pin cells. Significant 

improvement compared to calculations with the available 252-group SCALE library are obtained in 

criticality calculations with a library including 302 energy groups and the flux spectrum of the 

homogenized oxide fuel assembly as weighting function. Slightly larger deviations to reference continuous-

energy calculations are found in calculations of the heterogeneous oxide fuel assembly. Possible reasons 

are geometrical effects in the self-shielding calculations including the negligence of the fuel assembly 

wrapper. The applicability of the 302-group library is furthermore confirmed for the generation of 

macroscopic few-group cross sections; the comparison of generated 8-group constants with reference 

Serpent continuous-energy calculations leads to good agreement. 

 

I. INTRODUCTION 

 

The Generation IV International Forum has identified 

sodium-cooled fast reactors as one of six most promising 

systems for the future
1
. Sodium-cooled fast reactor (SFR) 

technologies have been identified as potentially promising 

in both demonstration reactor and test reactor missions in 

the recent U.S. Department of Energy Office of Nuclear 

Energy (DOE-NE) Advanced Demonstration and Test 

Reactor (ADTR) Study
2
. Specifically, the ADTR study 

identifies SFRs as the most promising reactor technology 

option for demonstrating actinide management to extend 

natural resource utilization and reduce the burden of 

nuclear waste for future generations. Although only a few 

test and demonstration SFR facilities have been operated, 

this reactor concept is expected to play an increasing role 

for the generation of electricity in the future. 

There is a growing interest and need to validate or 

adjust existing tools for adequate simulations of the 

reactor physics with fast neutron spectra. Several 

simulation sequences for reactor physics calculations are 

included in the SCALE code package
3
. In calculations 

with the one- and two-dimensional deterministic neutron 

transport codes XSDRN and NEWT, respectively, and the 

Monte Carlo code KENO, system parameters such as the 

multiplication factor and reactivity effects can be 

determined. NEWT moreover offers the possibility to 

generate homogenized few-group macroscopic cross 

sections for use in nodal diffusion codes. Additionally, 

potential sources of bias in the underlying nuclear data 

can be identified using SCALE tools. The energy 

dependence of these uncertainties can be better 

understood with tools for uncertainty and sensitivity 

analyses that use available neutron cross section 

covariance data. 

The mentioned SCALE neutron transport codes apply 

multi-group (MG) cross sections; only KENO can also be 

used with continuous-energy (CE) cross sections. The 

multi-group libraries provided with SCALE for reactor 

physics analyses have been optimized for thermal 

systems. For example, they show a fine energy group 

structure in the resolved resonance region, but only a 

coarse structure in the fast region. In case of fast spectrum 

systems, there are, however, resonances caused by, for 

example, structural materials that need to be appropriately 

captured. Therefore, in order to perform scoping analyses 

of fast systems with SCALE, the generation of a new 

multi-group library optimized for fast spectrum systems is 

required. 

In this study, a set of new multi-group libraries is 

generated in order to find a library that leads to 

sufficiently good agreement of multi-group calculations 
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with reference continuous-energy solutions. The libraries 

are tested in criticality calculations of fuel assemblies 

taken from sodium-cooled reactor cores that contain metal 

and oxide fuel, respectively. The intended end-use of 

these libraries is for cross section sensitivity and 

uncertainty analysis of fast reactor benchmark problems. 

 

II. CALCULATION TOOLS AND MODELS 

 

The models under investigation are taken from the 

OECD/NEA Sodium Fast Reactor Core Feedback and 

Transient Response (SFR-FT) Task Force definitions
4
. 

The specifications of one fuel assembly from the middle 

section of the inner core of the proposed medium-sized 

metallic fuel core (MET1000, cf. Fig. 1) and the large 

oxide core (MOX3600), respectively, are chosen for this 

study. The MOX3600 fuel pins contain annular U-TRU 

oxide pellets, and the MET1000 pins contain cylindrical 

U-TRU-Zr metal pellets. The fuel in both assemblies is 

beginning-of-equilibrium-cycle fuel. The cladding and the 

hexagonal wrapper tube for the MET1000 assembly are 

made of HT-9 steel, while the MOX3600 assembly 

includes EM-10 like steel and oxide strengthened steel 

(ODS), respectively. For the complete specifications it is 

referred to Ref. [4]. 

 

 
Fig. 1. MET1000 fuel assembly. 

 

In preparation for the generation of new multi-group 

libraries, the neutron transport code CENTRM of SCALE 

is applied on volume-homogenized mixtures of the 

described fuel assemblies in order to obtain neutron flux 

distributions for use as weighting spectra for the multi-

group cross sections. CENTRM computes pointwise 

neutron spectra for the homogenous infinite media up to 

an energy of 100 keV (user-specified input) by solving 

the Boltzmann transport equation using a combination of 

continuous-energy and multi-group nuclear data. Usually, 

these neutron spectra are used to generate self-shielded 

multi-group cross sections as input for neutron transport 

solvers. At higher energies, the neutron flux is obtained 

with the SCALE code BONAMI that performs 

Bondarenko calculations for resonance self-shielding.  

In criticality calculations with the two-dimensional 

deterministic transport solver NEWT, simple square 

models containing these homogenized mixtures are 

furthermore used to study the influence of the new multi-

group libraries on the multiplication factor, the multi-

group neutron flux spectrum and reaction rate 

distributions while excluding any geometrical influence 

on the results. Problem-specific cross sections for NEWT 

are thereby obtained with CENTRM and BONAMI as 

described above. The MET1000 model is investigated at 

293 K and at 900 K; the MOX3600 model is investigated 

at 293 K and 1500 K. The respective higher temperatures 

are chosen to be close to the specified fuel temperatures in 

the benchmark, but also to match temperatures for which 

cross sections are directly available in both the 

continuous-energy and multi-group libraries. In this way, 

any possible effect caused by additional temperature 

interpolation is excluded. As reference for comparison, 

calculations with the KENO-VI Monte Carlo Code with 

CE cross sections are performed. 

The calculations of the homogenized models are 

followed by criticality calculations of the corresponding 

heterogeneous fuel pin cells and fuel assemblies for which 

temperatures according to the specifications are applied 

(cf. Table I). Problem-dependent cross sections are again 

obtained by CENTRM and BONAMI; the CENTRM 

pointwise flux is in both cases determined by a one-

dimensional discrete ordinate solution of a fuel pin cell. 

 

Table I: Temperatures applied in the heterogeneous 

models.  

 MET1000 MOX3600 

Fuel 807 K 1500 K 

Cladding 706 K 743 K 

Coolant 706 K 743 K 

Wrapper 706 K 743 K 

 

The new cross section library shall later be used for 

the generation of homogenized macroscopic few-group 

cross sections with NEWT for full core calculations with 

nodal diffusion codes. Therefore, the applicability of the 

302-group library is tested for the generation of 

macroscopic 8-group
5
 cross sections using the 

heterogeneous fuel assembly models. As reference for 

comparison, 8-group cross sections are additionally 

generated by the three-dimensional continuous-energy 

Monte Carlo code Serpent
6
.  

 

III. GENERATION OF MULTI-GROUP CROSS 

SECTION LIBRARIES 

 

Several multi-group libraries with different energy 

group structures and weighting spectra are generated 

using the AMPX code system
7
 provided with SCALE 6.2. 

All of them are based on ENDF/B-VII.1 data
8
. 

As it was already mentioned in the previous section, 

the neutron flux of the MET1000 and MOX3600 

homogenized fuel assemblies generated with CENTRM 
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are chosen as weighting spectra for the new MG libraries. 

In Fig. 2, these spectra are compared with the base 

weighting function that is used for the 252-group SCALE 

library, the thermal neutron flux spectrum of a light water 

reactor (LWR) pin cell lattice. It can be clearly seen that 

due to the hard flux spectra of the SFR assemblies, a fine 

group structure as for the thermal region of the LWR 

library is not necessary for the studied systems. However, 

the new libraries need to contain more energy groups 

between about 10
4
 and 10

6
 eV to appropriately capture the 

resonances in this region.  

 

 
Fig. 2. Weighting spectra of the multi-group libraries. 

 

Table II: Overview of the generated multi-group cross 

section libraries. Group structures indicated with an 

asterisk are directly taken from the MC
2
-3 libraries. 

Number of groups Weighting spectrum 

230* MET1000, MOX3600 

245 MOX3600 

253 MOX3600 

271 MOX3600 

302 MET1000, MOX3600 

425* MET1000, MOX3600 

2082* MET1000, MOX3600 

 

 For first investigations, group structures optimized 

for fast spectrum systems used in the DOE-NE Advanced 

Reactor Technologies (ART) program and in particular 

the MC
2
-3 code

9
 are chosen. The MC

2
-3 libraries of 

interest contain 230, 425, and 2082 energy groups. For the 

finest 2082 group structure, the energy range between 

0.414 eV and 14.191 MeV is divided into 2082 equal 

lethargy bins. The other group structures are subsets of 

this fine structure. In order to find a library that leads to 

reasonable results with a minimal number of groups to 

keep the computation time at a minimum, combinations 

of these group structures are tested (cf. Table II). In 

particular, boundaries of the 425-group structure were 

added to the 230-group structure in order to include a 

finer resolution of occurring resonances. In Fig. 3, the 

MOX3600 weighting spectrum collapsed into the 2082-, 

302- and 230-group structure is presented to visualize the 

finer energy group structure in the fast region compared 

to the LWR library. This plot furthermore shows the 

energy range in which additional group boundaries from 

the 425-group structure were added the 230-group 

structure to generate the 302-group structure. 

 

 
Fig. 3. Weighting spectra collapsed into multi-group 

structures; energy range in which group boundaries of the 

425-group structure are added to the 230-group structure 

to obtain the 302-group library. 

 

IV. RESULTS 

 

This section presents the comparison of NEWT 

multi-group calculations with corresponding KENO-VI 

continuous-energy reference solutions in order to assess 

the performance of the new generated multi-group 

libraries for the fast reactor systems under investigation. 

 

1. Criticality calculations of homogenized fuel 

assemblies 

 

Table III presents the differences of the obtained 

multiplication factors with NEWT using various multi-

group libraries compared to the reference KENO CE 

solution at 293 K. The results in this table as well as in the 

following figures are only displayed for 293 K since the 

results for the respective higher temperature are very 

similar. It can be clearly seen that the 252-group SCALE 

library shows a significant disagreement regarding the 

multiplication factor. This disagreement can also be 

observed when comparing the corresponding flux 

distribution in Fig. 4 and therefore emphasizes the need 

for an additional SCALE library optimized for fast 

neutron spectra. 
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Fig. 4. Neutron flux distribution of the homogenized 

MET1000 fuel assembly at 293 K determined with the 

252g LWR library compared to the reference CE solution 

(linear scale). 

 

For 230, 302, 425 and 2082 energy groups, 

calculations with both the MET1000 and the MOX3600 

weighting spectrum can be compared. For the oxide fuel, 

the influence of the weighting spectra is negligible with 

less than 10 pcm. Only slightly larger effects can be 

observed for the metallic fuel, with the maximum 

difference of 55 pcm for 230 groups. In a side study, the 

230- and 425-group libraries are also generated with the 

Watt fission spectrum of Pu-239 as weighting function. 

This spectrum is a smooth function; it does not contain 

the typical jagged distribution in the fast energy range and 

is therefore considered as inadequate for the intended 

analyses. However, the maximum difference of the results 

with this library compared to corresponding calculations 

with the MET1000 and MOX3600 weighting spectra is 

still less than 100 pcm. This result supports the suggestion 

that the number of energy groups might already be large 

enough such that the influence of the weighting spectrum 

is small for the considered systems. 

The finest considered libraries contain 2082 groups. 

Since this is a very fine structure and geometrical effects 

are excluded because of the homogenization, NEWT 

calculations with these libraries are expected to result in 

the best agreement with the corresponding continuous-

energy reference solution. This is indeed the case for the 

oxide fuel where the deviation is reduced to 10 pcm. In 

contrast, the 230-group library leads to a deviation only 

slightly improved compared to the LWR library. When 

gradually adding groups to the 230-group library, the 

deviation to the reference decreases. It seems that already 

the 302-group structure is sufficient to provide reasonable 

agreement with the reference regarding the multiplication 

factor; the finer 425-group structure does not provide a 

significantly better result. 

For the metallic fuel, the 2082-group calculations 

lead to a multi-group bias of about 70 pcm. Although the 

245 and 253-group libraries lead to agreement regarding 

the multiplication factor, it is assumed that this is caused 

by error cancellation effects. The best result is therefore 

considered to be obtained with the 302-group structure 

and the MOX3600 weighting spectrum because this result 

shows good agreement with the expected multi-group 

bias.  

 

Table III: Reactivity difference between NEWT MG and 

reference KENO CE solutions for the homogenized fuel 

assemblies at 293 K. The 1σ standard deviation of the 

KENO CE solution is less than 5 pcm. 

MG library 
Δρ = (1/kref -1/k∞) [pcm] 

MET1000 MOX3600 

252g, LWR -253 167 

230g, MET1000 95 134 

230g, MOX3600 40 126 

245g, MOX3600 3 76 

253g, MOX3600 0 58 

271g, MOX3600 -48 40 

302g, MET1000 -29 16 

302g, MOX3600 -65 23 

425g, MET1000 -37 13 

425g, MOX3600 -62 14 

2082g, MET1000 -64 -9 

2082g, MOX3600 -73 -10 

 

 

 
Fig. 5. Neutron flux distribution of the homogenized fuel 

assemblies at 293 K in the fast energy range; the NEWT 

calculations are performed with the 302-group library 

using the MOX3600 weighting spectrum (logarithmic 

scale). 
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Fig. 6. Collapsed one-group cross sections of the 

homogenized MET1000 fuel assembly at 293 K 

compared to the CE reference. 

 

 
Fig. 7. Collapsed one-group cross sections of the 

homogenized MOX3600 fuel assembly at 293 K 

compared to the CE reference (Note the different scale 

compared to Fig. 6). 

 

The good agreement with the 302-group MOX3600 

library can also be observed for the flux spectra (cf. Fig. 

5) and reaction rate distributions (cf. Fig. A.1 – Fig. A.4 

in the appendix). For a meaningful comparison, the 

KENO CE results are collapsed to match the multi-group 

structure of the compared NEWT output. In order to 

compare not only distributions but also cumulative values, 

NEWT is applied to collapse the problem-dependent cross 

sections one-group cross sections. Fig. 6 and Fig. 7 

compare a selection of these cross sections to the 

corresponding KENO CE reference values. The strong 

improvement compared to the 252-group LWR library is 

clearly visible. Especially for the capture cross section of 

U-238, which plays an important role for the temperature 

feedback, the difference of the 302-group MOX3600 

calculation to the reference is decreased from about 

1.01%/0.2% to less than 0.13%/0.02% for the 

MET1000/MOX3600 models, respectively. 

 

2. Criticality calculations of heterogeneous fuel pin 

cells 

 

The first investigated heterogeneous model is a fuel 

pin cell in an infinite triangular lattice for each of the 

considered assembly types. It is worthwhile mentioning 

again that, in contrast to the investigation of the 

homogenized model, the resonance self-shielding 

calculation with BONAMI and CENTRM is performed 

on a one-dimensional fuel pin cell, and the model for the 

transport calculation with NEWT is a two-dimensional 

model corresponding to the one-dimensional self-

shielding model.  

The multiplication factors between NEWT and 

KENO are compared in Table IV. The 2082-group 

calculations suggest a multi-group bias of about 100 and 

40 pcm for the MET1000 and MOX3600 fuel pin, 

respectively. Apparently, the addition of a geometrical 

heterogeneity to the model leads to a slightly increased 

bias compared to the homogenized models. With about 

30 pcm, this additional effect is, however, considered to 

be small. The calculations with the 302g MOX3600 

library show reasonable agreement with the 2082-group 

calculations; this library is therefore considered as 

adequate for the simulation of these models. The 

corresponding flux and reaction rate distributions are not 

presented here because they show the same good 

agreement with the reference as for the homogenized 

model. 

 

Table IV: Reactivity difference between NEWT MG and 

the reference KENO CE solution for the heterogeneous 

fuel pin cells. The 1σ standard deviation of the KENO CE 

solution is less than 5 pcm. 

MG library 
Δρ = (1/kref -1/k∞) [pcm] 

MET1000 MOX3600 

252g, LWR -218 165 

230g, MET1000 44 94 

230g, MOX3600 -2 90 

302g, MET1000 -75 -47 

302g, MOX3600 -92 -43 

425g, MET1000 -85 -21 

425g, MOX3600 -104 -22 

2082g, MET1000 -105 -37 

2082g, MOX3600 -109 -38 
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3. Criticality calculations of heterogeneous fuel 

assemblies 

 

The heterogeneous fuel assemblies of both core 

designs are investigated in two-dimensional criticality 

calculations with NEWT. The major difference to the fuel 

pin cell calculations is the additional wrapper (mostly iron 

and chromium) around the pins. Since the self-shielding 

calculation for the hexagonal lattices is currently limited 

to one dimension, it is not possible to consider this 

wrapper. The problem-dependent cross sections are 

therefore determined with the one-dimensional pin cell 

models as before. These cross sections are then applied 

with NEWT on the actual model including the wrapper. 

The comparison of the NEWT results with the reference 

KENO CE results is presented in Table V. 

 

Table V: Reactivity difference between NEWT MG and 

the reference KENO CE solution for the heterogeneous 

fuel assemblies. The 1σ standard deviation of the KENO 

CE solution is less than 10 pcm. 

MG library 
Δρ = (1/kref -1/k∞) [pcm] 

MET1000 MOX3600 

252g, LWR -43 437 

230g, MET1000 296 394 

230g, MOX3600 232 377 

302g, MET1000 111 235 

302g, MOX3600 84 232 

425g, MET1000 95 225 

425g, MOX3600 66 215 

2082g, MET1000 (not converged) (not converged) 

2082g, MOX3600 7 104 

 

For the metallic fuel assembly, the 2082-group 

NEWT calculation results in very good agreement with 

the reference. The calculation with 302 groups results in a 

deviation in the range of 100 pcm, which is considered as 

reasonable agreement. The 302-group library is therefore 

also considered here as appropriate for the metallic fuel 

assembly calculation. It shall be mentioned that the 252-

group LWR library leads to smaller differences compared 

to the 302-group library regarding the multiplication 

factor. However, larger differences regarding the flux 

distribution with this library as already presented in Fig. 4 

for the homogenized assembly can be observed. 

For the oxide fuel assembly, larger deviations are 

observed. The increase of the number of groups from 302 

to 2082 leads to an improvement of the multiplication 

factor of about 100 pcm. However, also the 2082-group 

calculation does not show an agreement with the 

reference as good as for the homogeneous mixture; it 

differs by about 100 pcm to the KENO calculation. This 

is in contrast to the results obtained with the homogenized 

fuel assembly. Since the fuel assembly only differs by the 

additional assembly duct to the fuel pin calculations, the 

increased deviation is probably caused by the negligence 

of the additional structural material in the self-shielding 

calculation.  

For both systems, the influence of the weighting 

spectrum is negligible.  

 

4. Generation of homogenized macroscopic few-group 

cross sections 

 

The applicability of the 302-group library for the 

generation of homogenized macroscopic few-group cross 

sections is tested by comparing generated 8-group cross 

sections with corresponding Serpent results. The 8-group 

structure is taken from reference [5]; the individual 

boundaries are, however, slightly different to coincide 

with boundaries of the 252-group SCALE and 302-group 

library (cf. Table VI), respectively. The Serpent 

macroscopic cross sections are obtained accordingly, and 

they are converged such that their relative 1σ statistical 

error is about 0.01% or less in group 1-7 and up to 0.05% 

in group 8, the lowest energy group.  

 

Table VI: The 8-group structure adjusted for boundaries 

of the 302-group library. 

Group Upper energy Group Upper energy 

1 20 MeV 5 111.09 keV 

2 2.2313 MeV 6 39.859 keV 

3 820.85 keV 7 15.034 keV 

4 301.97 keV 8 0.74852 keV 

 

In contrast to the results of the criticality calculations, 

the comparisons of the 8-group cross sections seem not to 

be sensitive towards the multi-group library. The 

calculations with the 252-group SCALE library and the 

new 302-group library lead to similar differences to the 

reference Serpent results (cf. Fig. 8 – Fig. 11). With both 

libraries, differences of less than 1% are obtained in the 

fastest four energy groups and in the other groups the 

differences are less than 4%. 

 

Fig. 8: Macroscopic 8-group cross sections generated with 

NEWT using the 252g library compared to Serpent for the 

MET1000 fuel assembly. 
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Fig. 9: Macroscopic 8-group cross sections generated with 

NEWT using the 302g library compared to Serpent for the 

MET1000 fuel assembly. 

 

 
Fig. 10: Macroscopic 8-group cross sections generated 

with NEWT using the 252g library compared to Serpent 

for the MOX3600 fuel assembly. 

 

 
Fig. 11: Macroscopic 8-group cross sections generated 

with NEWT using the 302g library compared to Serpent 

for the MOX3600 fuel assembly. 

 

5. Comparison of criticality calculations with Serpent 

 

For the sake of completeness, the eigenvalues are 

also compared between KENO-VI and Serpent 

continuous-energy calculations (cf. Table VII). The 

eigenvalues for both the homogenized and the 

heterogeneous fuel assembly show differences of a few 

hundred pcm. This difference is first of all caused by 

differences in the applied probability tables for 

resonances in the unresolved energy range. Although the 

tables are in both cases based on identical ENDF data 

files, there are differences due to the processing. This is 

currently under investigation by the SCALE-Team
10

: If 

the probability tables are not applied or if the SCALE 

tables are modified to be consistent with the tables used 

by Serpent, both codes show reasonable agreement. The 

impact of the different probability tables on the neutron 

flux distribution is in contrast very small; the neutron flux 

distributions show very good agreement (cf. Fig. 12). This 

is also valid for the comparison with corresponding flux 

spectra determined with NEWT, whereas for these 

calculations the deviation to the Serpent eigenvalues is 

even larger. 

 

Table VII: Reactivity difference between Serpent and 

KENO-VI both using CE cross sections. The statistical 

error is given in parentheses. 

Model 
Δρ = (1/kKENO -1/kSerpent) [pcm] 

MET1000 MOX3600 

homog. fuel assembly -270(9) -467(5) 

heterog. fuel assembly -244(4) -451(7) 

 

 
Fig. 12: Total neutron flux distribution of the 

heterogeneous fuel assemblies in the fast energy range; 

for better comparison, the results are collapsed into the 

302-group structure. 

 

6. Computation time 

 

The intended end-use of the generated library is for 

uncertainty and sensitivity analysis. In case of random 

sampling based analyses, the transport calculation is 

repeated a large number of times with perturbed input 

parameters. Hence, during the generation of a new library 

for this purpose, the computation time for an individual 

calculation plays a significant role. In Table VIII, the 

computation times for various exemplary calculations are 

displayed. The computation times of the homogenized 

fuel assemblies are omitted here because most of them are 

in the range of less than half a minute and are therefore 

significantly biased by the current traffic on the 

computing cluster. For the same reason, the displayed 

times can only be considered as rough estimates.  
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The computation time of course scales with the 

number of energy groups in the library. It can be observed 

that the 252-, 230-, and 302-group calculations take about 

the same time. The 425-group calculations are a bit 

longer, and the 2082-group calculations are significantly 

longer such that random sampling based uncertainty 

analyses with these libraries are not considered practical. 

After considering the computation time and 

sufficiently good agreement of the results for the metallic 

and the oxide fuel assemblies, it is concluded that the 

302-group library with the oxide weighting function is 

chosen as the library with which the studies shall be 

continued.  

 

Table VIII: NEWT computation time (in seconds). 

MG library 

Heterogeneous  

fuel pin 

Heterogeneous  

fuel assembly 

MET 

1000 

MOX 

3600 

MET 

1000 

MOX 

3600 

252g, LWR 128 s 236 s 184 s 543 s 

230g, MOX3600 97 s 219 s 162 s 497 s 

302g, MOX3600 98 s 217 s 208 s 544 s 

425g, MOX3600 152 s 259 s 276 s 658 s 

2082g, MOX3600 925 s 996 s 8820 s 9541 s 

 

V. CONCLUSIONS 

 

For reactor physics analyses of fast spectrum 

systems, modules of the SCALE code package in 

combination with multi-group cross sections shall be 

used. For this purpose, new multi-group cross section 

libraries were generated under consideration of the hard 

neutron flux spectra and a sufficient resolution of the 

resonances in the fast energy range of the systems of 

interest.  

For criticality calculations of homogenized and 

heterogeneous fuel assemblies and the corresponding pin 

cells of a sodium-cooled fast reactor including metal and 

oxide fuel, respectively, a significant improvement 

compared to calculations with the 252-group SCALE 

library was found with a library including 302 energy 

groups and the pointwise spectrum of the homogenized 

oxide fuel assembly as weighting function. Reasonable 

agreement with reference solutions was found for the 

multiplication factor, the neutron flux and reaction rates. 

In most cases, the weighting function has only a small 

influence on the results due to a large number of energy 

groups. 

Slightly larger deviations to the reference were found 

for calculations of the heterogeneous MOX3600 fuel 

assembly. Possible reasons are geometrical effects in the 

self-shielding calculations including the negligence of the 

fuel assembly wrapper. In subsequent studies, it will be 

investigated if better improvement can be obtained if the 

problem-dependent cross sections for the fuel pins 

adjacent to the wrapper are determined in a self-shielding 

calculation that includes an artificial outer wrapper layer 

around the one-dimensional fuel pin to consider 

additional effects such as the neutron scattering on 

structural material.  

The applicability of the 302-group library in 

calculations for the generation of macroscopic few-group 

cross sections for use in nodal diffusion codes was 

confirmed in comparisons with reference Serpent 

continuous-energy calculations. The application of the 

new library did not lead to a significant improvement 

compared to calculations with the 252-group SCALE 

library; both libraries result in good agreement with the 

reference. In subsequent studies, it will be investigated 

whether there is an improvement due to the application of 

the new library in full core nodal diffusion calculations. 

Full core calculations of lead-bismuth cooled MYRRHA 

configurations based on few-group cross sections 

generated with NEWT and the 302-group library already 

indicate that the influence of the multi-group library 

might be negligible (presented at this conference)
11

. 

The study presented in this paper provides the basis 

for systematic sensitivity and uncertainty analyses of fast 

reactor systems. Pin cell and fuel assembly calculations 

will be followed by the analysis of uncertainties in full 

core calculations. Where possible, the perturbation 

theory-based TSUNAMI code of SCALE shall be applied. 

Furthermore, for all steps, the XSUSA code (Cross 

Section Uncertainty and Sensitivity Analysis)
12,13

 with the 

random sampling approach will be applied to perturb the 

cross sections that serve as input for SCALE transport 

codes.  Although the influence of the new multi-group 

library for macroscopic cross section generation and 

therefore for full core calculations might be small, it is 

expected that this library leads to significant improvement 

in pin cell and fuel assembly uncertainty and sensitivity 

analyses. The investigation of the performance of this 

new library compared to continuous-energy solution will 

therefore be extended to corresponding uncertainty and 

sensitivity calculations. The performance of the new 

multi-group library will furthermore be tested in 

calculations of experiments from the International 

Handbook of Evaluated Criticality Safety Benchmark 

Experiments (ICSBEP Handbook)
14

. 
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APPENDIX A: REACTION RATE DISTRIBUTIONS 

 

 

 

 
Fig. A.1. Elastic scattering of Na-23 in the homogenized 

MET1000 fuel assembly at 293 K. 

 

 
Fig. A.3. Neutron capture of U-238 in the homogenized 

MET1000 fuel assembly at 293 K. 

 

 
Fig. A.2. Elastic scattering of Fe-56 in the homogenized 

MOX3600 fuel assembly at 293 K. 

 

 
Fig. A.4. Neutron production of Pu-239 in the homogenized 

MOX3600 fuel assembly at 293 K. 
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