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Abstract
The need for building mutually self-agreed computational models for high-precision and engineering neutronic codes 
is defined by requirements to certification and verification of software products and nuclear data in accordance with 
the Regulations for Verification and Expert Examination of Neutronic Calculation Software Tools (RB-061-11). The 
key requirement in RB-061-11 is that there shall be a methodically transparent and reproducible procedure to estimate 
the methodological and nuclear data component of the neutronic parameter uncertainties to be implemented only if 
there are mutually self-agreed computational neutronic models. Using an example of a series of measurements carried 
out on three critical BFS-61 configurations, factors are discussed which need to be taken into account when building 
such types of neutronic models and the peculiarities of their application for calculating the neutronic parameters of 
BFS-61 assemblies. Improved functional capabilities of updated software tools and nuclear data for the computation-
al and experimental analysis of integral BFS experiments (ROSFOND/BNAB-RF, CONSYST and MMK-RF) have 
been demonstrated, allowing a much shorter time and the smallest risks of errors in preparing mutually self-agreed 
computational models for various neutronic codes, as well as correct estimation of the methodological and nuclear 
data components of the uncertainties in neutronic parameters in accordance with RB-061-11. The results of estimating 
the uncertainty in neutronic parameters with respect to the group approximation approach, are presented. It has been 
shown based on an analysis of the obtained results that the discrepancies in the calculations of the BFS-61 configu-
rations in the transition from the ROSFOND evaluated neutron data library to its group version, BNAB-RF, does not 
exceed 0.3% in criticality (heterogeneous effects uncertainty of 0.2 to 0.8 %). The estimated spectral index data biases 
lie in the limits of the Monte Carlo statistical error. Based on the results of a computational and experimental analysis 
for the entire set of measurements performed on a series of BFS-61 assemblies, the ROSFOND library is the optimal 
nuclear data library.
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Introduction
The purpose of the paper is to demonstrate the improved 
functional capabilities of updated software products and 
nuclear data to support the computational and experimen-
tal analysis of integral experiments based on BFS assem-
blies (using BFS-61 critical assemblies as the example). 
These capabilities make it possible to reduce considerably 
the time and to minimize the risks of errors in preparati-
on of models, to build mutually self-agreed models for 
precision and engineering codes, and to estimate the me-
thodological and nuclear data components of uncertain-
ties in neutronic parameters required for verification and 
qualification of codes in accordance with the Regulations 
RB-061-11 (RB-061-11). The uncertainties in enginee-
ring calculations, as specified in RB-061-11 (par. 13–15), 
are determined by comparing the calculation results 
against the respective results obtained based on precision 
(reference) neutronic codes (par. 22). One of the world’s 
most commonly used codes of the kind is MCNP, a US 
code (MCNP 2008). The MCU code is an extensively 
used Russian analog (Gomin et al. 2000). Both codes are 
specific in that they are fitted with a versatile geometri-
cal module. This versatility however leads to more time 
spent, so it is reasonable to use an adapted and optimized 
geometrical module to accelerate calculations of standard 
neutron multiplying systems and media.

The MMKK code developed at IPPE (Blyskavka et 
al. 2001) (referred to as MMKKENO in early publicati-
ons) features a much greater (several-fold) speed of res-
ponse thanks to a specialized geometrical module with 
extensive capabilities covering the basic needs of descri-
bing the layouts of both reactor and BFS critical facili-
ties. The capabilities for recording the neutron flux and 
computing the flux-averaged neutron cross-sections for 
an independent geometrical grid (similarly to MCNP), 
implemented in the latest code version known as MMK-
RF (Zherdev et al. 2018, 2018a), make it possible to cut 
the post-processing time for the BFS experiment calcu-
lation results. Thanks to the optimized functional capa-

bilities, the MMK-RF code has a much better speed of 
response than its foreign and Russian analogs when used 
in computational and experimental studies based on BFS 
critical facilities.

The constant component of an error should be esti-
mated based on comparing the results of the benchmark 
experiment calculations, performed with the use of the 
codes implementing the Monte Carlo method, in detai-
led and group representations of neutron cross-sections. 
A computational description of experiments performed 
on the BFS facilities in a group representation of neu-
tron cross-sections is associated with the problem of ta-
king into account, in a correct manner, the effects of the 
cross-section resonance self-shielding due to the hetero-
geneous arrangement of materials (Abagyan et al. 1964, 
Nikolayev et al. 1984). The neutron group constants pre-
paration system, CONSYST, (Manturov et al. 2000) im-
plements approximate and comparatively user friendly 
methods of preparing group constants allowing the spatial 
heterogeneity effects to be taken into account correctly.

Specification of benchmark 
experiments on the BFS-61 
assemblies

Critical assemblies of the BFS-61 series were set up 
in 1990 at the BFS-1 facility to investigate the charac-
teristics of lead cooled nuclear reactors. In 2009, the 
experiments conducted based on the BFS-61 critical 
assemblies were evaluated for international handbooks 
of evaluated benchmark experiments (Rozhikhin et 
al. 2006, 2008).

The BFS-61 assemblies (Fig. 1) had a standard con-
figuration and were composed of steel tubes filled with 
plutonium metal pellets, depleted uranium metal, lead, 
graphite, etc. The BFS-61-0 assembly (Fig. 1a) had a 
three-layer side reflector consisting of lead (lead pellets 
of two types), steel and depleted uranium dioxide. The 

Figure 1. Core configuration: a) – BFS-61-0; b) – BFS-61-1; c) – BFS-61-2 (Rozhikhin et al. 2006, 2008). Numerical designations 
of tubes: 1 – core; 2 – type 1 lead reflector; 3 – type 2 lead reflector; 4 – steel reflector; 5 – depleted uranium dioxide reflector.
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BFS-61-1 assembly (Fig. 1b) used a two-layer reflector 
consisting of lead and uranium dioxide. The BFS-61-2 
assembly (Fig. 1c) reflector had two layers and consisted 
of depleted uranium dioxide. Thin, cylindrical stainless 
steel bars were inserted between the tubes in the reflector.

The program of experimental studies based on the 
BFS-61 assemblies included measuring the ratios of the 
neutron interaction cross-sections (〈σf 

i�/〈σf 
j�) aver-

aged by the spectrum at a certain point of the critical as-
sembly (spectral indices) containing ample information 
on the properties of the fast neutron reactor composition 
under investigation (Andrianova et al. 2016, 2017, Andri-
anova 2017). By definition,

/ ( ) ( ) ,〈σ 〉 〈σ 〉 = ϕ σ ϕ σ∫ ∫i j
x f i j

E E

E dE E dE

where φ(E) is the spectral density of the neutron flux; 〈 � 
is the symbol of averaging by energy; i, j are the isotope 
type; and x is the reaction type (e.g., f is fission). The ratio 
of the average fission cross-section for the isotopes 232Th, 
233, 238U, and 239Pu to the average fission cross-section for 
235U, and the ratio of the average fission cross-section for 
the minor actinides 238, 240, 241, 242Pu, 241Am, and 237Np to the 
average fission cross-section for 239Pu were measured on 
the BFS-61 assemblies using a small-size fission cham-
ber (SFC).

The SFC design is described in (Rozhikhin et al. 2006). 
The chamber body is a stainless-steel tube of the diameter 
6 mm and the length 140 mm with a wall thickness of 
0.5 mm. Inside the chamber there is another tube of the 
diameter 4 mm and the length 40 mm with a wall thick-
ness of 0.2 mm, which has a 30 mm high layer of a fissile 
material applied to its inner surface. The chamber is filled 
with argon pressurized to 10 atm.

To measure the spectral indices, the chamber is in-
stalled such that the middle of the fissile material layer 
inside the chamber coincided with the median plane of 
the assembly core (with the middle of the fuel compo-
sition in the central tube). Fig. 2 shows the standard ar-
rangement of the small-size fission chamber in the space 
between tubes.

Estimation of the methodological 
and nuclear data components of 
the calculation uncertainty in 
neutronic parameters

The experiment evaluation procedure suggests that the de-
scription of a mathematical model in the calculated value 
shall include estimated contributions from all of the adop-
ted assumptions and approximations of the methods in 
use. A practicable way to estimate these assumptions and 
approximations is to do this successively while relying on 
the results of the calculations based on a high-precision 
neutronic models. Schematically, the calculation procedu-
re for the uncertainty evaluation is shown in Fig. 3.

A computational neutronic model is prepared at the ini-
tial stage for the precision Monte Carlo code that allows 
performing calculations with a pointwise representation 
of the neutron cross-sections without introducing any 
approximations and simplifications associated with the 
description of the actual geometry and the material com-
position of the neutron multiplying system.

Based on the above computational model, neutron 
multigroup calculations are proceeded to at the second 
stage while estimating the nuclear data component of the 
uncertainty by comparing the results of two calculations. 
The methodological component of the uncertainty, asso-
ciated with the implementation of the neutron group ap-
proximation in another particular code using the Monte 
Carlo method, can be also estimated at this stage (An-
drianova 2017). And the computational models for these 
codes should be fully identical and have a single compu-
tational task for preparing neutron macro-constants.

One can proceed from the precision specification of the 
assembly configuration and composition to homogenized 
compositions at stage 3 while making changes to the ge-
ometry description in the computation neutronic model.

Comparing the results of the Monte Carlo calculations 
with the detailed representation of the neutron cross-sec-
tions for the homogeneous model and for the heterogene-
ous model makes it possible to estimate the computati-
onal adjustment factor for heterogeneity. The following 

Figure 2. SFC arrangement diagram.
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Figure 3. Flowchart for the uncertainty quantification of neutronic parameters.

uncertainty components can be determined using preci-
sion codes: a nuclear data component, a methodological 
component (associated with the applied neutron group ap-
proximation) and the uncertainty caused by the transition 
to the homogeneous neutronic model.

When comparing the results of the calculations for ho-
mogeneous models, based on various engineering neutro-
nic codes, with the results of the calculation for the same 
model, using a high-precision neutronic code with a single 
nuclear data basis, it is possible to estimate the uncertain-
ties of the approximations the engineering neutronic codes.

Consideration of heterogeneous 
effects in the CONSYST system

The CONSYST processing system implements various 
methods to take into account heterogeneous effects when 
preparing neutron multigroup macroscopic cross-sections 

based on the principle of equivalence of homogeneous 
and heterogeneous media (theorem of equivalence):

– “manual” introduction of corrections – the user can 
calculate the corrections for the dilution cross-section 
manually: a) by introducing the fictitious isotope of 
the δ-scattering, b) by identifying additional material 
blocking zones;

– automatic calculation of corrections – the system is 
capable to compute automatically the values of the 
corrections if the user has described the actual hetero-
geneous structure using the GETER module.

The concentrations of fictitious materials need to be 
calculated in the “manual” mode of introducing the cor-
rections to take into account the spatial heterogeneity.

First, if the dimensions of the uniform region are com-
parable with the length of the free path and it includes 
isotopes with resonances, a fictitious isotope named “D-
SC”, the so-called δ-scattering that does not change the 
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neutron transport process but influences the way the re-
sonance self-shielding of neutron cross-sections is taken 
into account, can be introduced in this region. The full 
cross-section of the δ-scattering is equal to 1 barn, and the 
average cosine of the scattering angle is equal to unity. 
The concentration of the δ- scattering is selected as equal 
to 1/l, where l = 4V/S is the mean chord or the average 
value of the neutron path length in a zone without regard 
for collisions; V is the volume; and S is the surface area.

Second, the CONSYST system comprises two classes 
of material zones having different nuclide compositions 
– material blocking zones and physical zones. The bloc-
king zones serve to calculate the resonance self-shielding 
factors, and the neutron fields are calculated in a system 
consisting of physical zones each of which is assigned a 
blocking zone. A zone with a homogeneous composition, 
including a set of physical zones (a tube, pellets of various 
materials, etc.), can be chosen as the blocking zone.

Heterogeneous effects can be taken into account by de-
livering information on the actual cell structure of the me-
dium into the CONSYST. In this case, the program will 
recalculate the dilution cross-sections of the resonance 
isotopes with regard for the particular geometry of the he-
terogeneous cell with the following corrections computed 
in the dilution cross-section:

– the Dancoff correction that takes into account the in-
teractions of blocks in an infinite periodic array;

– the Bell factor depending on the block thickness (Ni-
kolayev et al. 1984).

The concentration of the δ- scattering for all of the ma-
terials will be computed automatically.

Another important change in the CONSYST system is 
that the system determines independently for which zones 
and how the anisotropy of the full cross-section needs to 
be taken into account. To do this, it is enough for the user 
to set the respective indicator.

Calculation results and their 
comparison

The neutronic parameters were calculated for the three 
BFS-61 configurations using the MMKK, MMK-RF, and 
MCNP codes. Table 1 presents the values and the statisti-
cal error of the criticality calculations (the values in brac-
kets are the absolute statistical error multiplied by 105) 

for each BFS-61 assembly configuration. The neutron 
multigroup blocked constants for the MMKK and MCNP 
codes were prepared using the CONSYST-RF system 
(Koshcheyev et al. 2016, Manturov et al. 2013) with the 
inclusion of the GETER module. The calculations were 
performed using the subgroups for 238U, 239Pu, and the 
natural Fe mixture, the total number of the groups being 
1520. Additional calculations were performed using the 
MCNP and MMK-RF codes with the pointwise represen-
tation of the ROSFOND neutron cross-sections (ROS-
FOND 2019) and the BNAB-RF neutron group library 
(Koscheyev et al. 2014, Andrianova et al. 2012).

The values shown in columns 5 and 6 of Table 1 de-
monstrate that taking into account heterogeneous correc-
tions in the CONSYST-RF system in the ‘manual’ mode 
and in the automatic mode does not lead to changes in the 
calculation results. The table’s final line shows the time 
of a calculation based on a single-core processor (one 
and the same computer), using the MCNP, MMKK, and 
MMK-RF codes, required to achieve the statistical error 
keff equal to ± 0.00020, which corresponds to 10 million 
active histories of neutrons. Thanks to the specialized ge-
ometrical module, the MMKK and MMK-RF codes have 
three to four times as high computational speed as the 
MCNP code or higher in some cases.

The results of the calculations shown in the table formed 
the basis for estimating the value of the nuclear data com-
ponent for the uncertainty in neutronic parameters caused 
by the transition from the pointwise representation of neu-
tron cross-sections to the group approximation (this makes 
~0.3% for the considered systems). Taking into account 
the spatial heterogeneity when preparing the macroscopic 
constants leads to a 0.8% finer criticality calculation.

The spectral characteristics measured by the SFC in the 
tube gap to the right of the BFS-61 assembly central tube 
in the core median plane were calculated (see Fig. 2). In the 
computation model, the SFC was represented as a cylinder 
of the diameter 4 mm and the height 3 cm in accordance 
with the height of the applied layer of the fissile material in 
the actual SFC description (Rozhikhin et al. 2008).

Apart from the criticality calculation results, the base 
version of the MMKK code is capable to produce a flux 
in the preset zone with the same energy structure with 
which the CONSYST system prepared the macroscopic 
cross-sections. Therefore, unlike the MCNP code, the 
MMKK code does not include capabilities for computing 
integrals of the ∫φ(E)dE and ∫φ(E)σx(E)dE form. Calcula-
ting such integrals requires extra programs for post-pro-
cessing of calculation results. Apart from the capability to 

Table 1. Results of comparing the criticality calculations for various codes and nuclear data libraries.

BFS-61 configuration MMK-RF MCNP MMKK MMKK
Mutually self-agreed computation model Model (Rozhikhin et al. 2008)

ROSFOND BNAB-RF ROSFOND BNAB-RF GETER BNAB-RF GETER BNAB-RF
BFS-61-0 0.99661(20) 0.99131(21) 0.99663(21) 1.00008(20) 0.99969(21) 0.99932(21)
BFS-61-1 0.99463(19) 0.99094(21) 0.99475(20) 0.99974(20) 0.99671(21) 0.99674(21)
BFS-61-2 0.99398(19) 0.99068(20) 0.99377(20) 0.99733(20) 0.99507(21) 0.99499(20)
Time, min 56 50 262 156 48
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compute any types of convolution with the flux, MMK-
RF, an improved version of the MMKK, (Zherdev et al. 
2018, 2018a) is fitted with an independent grid for iden-
tifying the cylindrical or spherical regions of the neutron 
flux recording.

Fig. 4 shows the results of the neutron flux calculations 
for the cylindrical region matching the recording region 
in the SFC, based on the MCNP code with the pointwise 
representation of nuclear cross-sections (ROSFOND li-
brary) and the neutron data group representation of con-
stants (BNAB-RF library, 1520 groups), and based on the 
MMKK code with the group representation of constants 
(BNAB-RF library, 1520 groups).

As can be seen from the diagram, the results of the neu-
tron spectra calculations in the neutron cross-section group 
and detailed representations agree well in the limits of the 
statistical calculation error. Spectral indices can be calcu-
lated based on these energy distributions of neutron fluxes.

Table 2 presents the results of calculating the spectral 
indices measured by the SFC using the BFS-61-0 assem-
bly, namely: the ratio of the average fission cross-section 
for the isotopes 232Th, 233, 238U, and 239Pu to the average 
fission cross-sections for 235U, and the ratio of the average 
fission cross-sections for the minor actinides 240, 241, 242Pu 
and 241Am to the average fission cross-section for 239Pu. 
The MMK-RF calculations were performed using an in-

dependent grid and an automated convolution of the neu-
tron flux with the cross-section ∫φ(E)σx(E)dE.

The data presented in the table demonstrate a good 
agreement of the spectral indices calculation results ob-
tained based on the MCNP and MMK-RF codes using the 
ROSFOND library.

Discussion

The quality of the criticality calculation results obtain-
ed using different libraries (ROSFOND, BNAB-RF, and 
BNAB-93) and the spectral indices measurements can 
be judged from the data presented in Table 3. The table’s 

Figure 4. Biases in the calculations of the BFS-61-0 assembly neutron spectrum, calculated using the BNAB-RF neutron group 
library and the MCNP (1) and MMK-RF (2) codes, relative to the spectrum of neutrons calculated based on the MCNP code with 
the ROSFOND nuclear data library; 3 – statistical error of the spectrum calculation (3σ).

Table 2. Calculated values of the fission rates measured at the 
BFS-61-0 assembly.

Index Experiment Calculation
MMK-RF MCNP

σf
 Th-232/σf

 U-235 0.00947 ± 0.0003 0.00730 ± 0.00003 0.00724 ± 0.00004
σf

 U-233/σf
 U-235 1.513 ± 0.03 1.4666 ± 0.0035 1.4673 ± 0.006

σf
 U-238/σf

 U-235 0.0320 ± 0.0008 0.0307 ± 0.0001 0.0305 ± 0.0002
σf

 Pu-239/σf
 U-235 1.057 ± 0.015 1.0337 ± 0.003 1.046 ± 0.005

σf
 Pu-240/σf

 Pu-239 0.2575 ± 0.007 0.2674 ± 0.0008 0.2646 ± 0.002
σf

 Pu-241/σf
 Pu-239 1.259 ± 0.03 1.2936 ± 0.003 1.2885 ± 0.006

σf
 Pu-242/σf

 Pu-239 0.1883 ± 0.005 0.1908 ± 0.0007 0.1890 ± 0.0009
σf

 Am-241/σf
 Pu-239 0.1963 ± 0.005 0.1935 ± 0.0006 0.1965 ± 0.0009
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columns present the following data: column 3 – experi-
mental data, column 4 – experimental error value (δe), 
columns 5 through 7 – relative deviations between the 
calculated data C and the experimental data E, column 
8 – relative value of the calculated (statistical) error (δc).

As can be seen from the table, the calculation/expe-
riment discrepancies for most of the spectral indices lie 
within the experimental error limits of 3σ for all of the 
libraries. The exception is the calculation/experiment dis-
crepancies for the ratio of the 232Th fission cross-section 
to the 235U fission cross-section and the ratio of the 238Pu 
fission cross-section to the 239Pu fission cross-section, the 
values of which are several times as great as the expe-
rimental error value. Such large discrepancy values are 
explained by technical aspects of the fission cross-section 
measurements for these isotopes. The experimental data 
for these spectral indices were ignored for the subsequent 
computational and experimental analysis.

The data shown in Table 3 makes it possible to conclude 
that the nuclear data uncertainty component caused by the 
group approximation (the transition from the ROSFOND 
library to its BNAB-RF group version) does not exceed 
2.5% for the integral fission cross-sections, this being com-
parable with the statistical calculation error. And the tran-
sition from the BNAB-93 library to the BNAB-RF library 
does not lead to a bias in the fission rate calculation results 
〈σf� (variations in the values 〈σf� within the statistical 
calculation error limits) for most of the spectral indices, ex-
cept the 241Am and 243Am isotopes for which the discrepan-
cies in the 〈σf� calculation results reach 14 to 23%. No 
experiments with measuring the relative fission rate using 
the SFC were conducted based on the BFS-61 assemblies.

Table 3 presents the value of the integral efficiency in-
dicator µk

2, the quantitative efficiency measure in the des-
cription by the nuclear data library k for the set of integral 
experiments N, which is defined by the following relation 
(Usachev and Bobkov 1972):

( )( ) ( )∑
=





 δ+δ⋅−=µ

N

n
nn

k
nn

k
nk N 1

2
 E

2
 C

22 C100EC1

,

where N is the number of the experiments; n is the ex-
periment number; and k is the identifier of the nuclear 
data library.

L.N. Usachev defines an optimized system of nuclear 
data that does not need to be adjusted to describe a set 
of N experimental data as the system of nuclear data, for 
which the value of the integral efficiency indicator μk

2 lies 
in the interval of zero to unity.

As shown by the results of the calculation and experi-
mental analysis (see the closing line in Table 3), the mini-
mum value of µk

2 for keff is observed only for the BNAB-
93 library since the BFS-61 experiments were planned 
using the calculation results obtained using this nuclear 
data group library. However, the ROSFOND nuclear data 
library is the optimal nuclear data library based on the 
results of the calculation and experimental analysis for the 
entire set of measurements performed on a whole series of 
the BFS-61 assemblies.

Conclusion

Peculiarities have been considered of preparing mutually 
self-agreed computational models for precision and engi-
neering neutronic codes and calculating, on the basis of 
these, the neutronic parameters of the three critical BFS-
61 assembly configurations.

The improved functional capabilities of updated soft-
ware products and nuclear data have been demonstrated 
to support the computational and experimental analysis 
of integral experiments based on the BFS assemblies 
which make it possible to reduce considerably the time 
for and to minimize the probability of errors in preparing 
models and building mutually self-agreed neutronic mo-
dels for high-precision and engineering neutronic codes. 
The new capabilities of the CONSYST-RF system allow 
simplifying to a great extent and automating the prepa-
ration of computational tasks for taking into account the 
heterogeneous self-shielding effects, while avoiding the 
need for additional codes to be involved. The updated ver-
sion of the MMK-RF code includes a superimposed grid 
function which permits computations of spectral charac-
teristics and spatial distributions of the BFS-measured re-
action rates. Besides, the MMK-RF code can be used for 
calculations in a neutron multigroup approximation with 
a pointwise representation of nuclear cross-sections and 
using a combined technique. Since the MMK-RF code 
has a better calculation rate than the MCNP code thanks to 
a specialized geometrical module, it can be chosen as the 
Russian high-precision neutronic code for the computati-
onal support of experiments on the BFS critical facilities.

The procedures have been tested for preparing neu-
tron multigroup constants with regard for the effects of 
the spatial heterogeneity implemented in the CONSYST-
RF code. It has been shown that the difference between 
the group approach and the pointwise representation of 
neutron cross-sections in the criticality calculations does 
not exceed 0.3% in criticality for the BFS-61 assemblies. 

Table 3. Calculation/experiment discrepancies for measure-
ments at the BFS-61 assemblies.

BFS Change Value δe,% (C/E – 1), % δc,%
ROSFOND BNAB-RF BNAB-93

61-0 keff 1.0003 0.3 –0.3 –0.02 –0.06 0.01
61-1 1.0004 0.3 –0.5 –0.07 –0.1 0.01
61-2 1.0004 0.3 –0.6 –0.3 –0.1 0.01
61-0 σf

 U-238/σf
 U-235 0.0320 3.0 –4.7 –9.9 –1.1 1.9

σf
 Pu-240/σf

 Pu-239 0.2575 3.0 2.8 1.2 4.1 1.1
σf

 Pu-242/σf
 Pu-239 0.1883 3.0 0.4 –2.0 4.6 1.2

σf
 Th-232/σf

 U-235 0.0095 3.0 –23.6 –28.9 –20.5 2.0
σf

 Pu-239/σf
 U-235 1.0570 1.5 –1.0 –2.2 –0.7 0.8

σf
 Pu-241/σf

 Pu-239 1.2590 3.0 2.3 2.7 1.0 0.8
σf

 U-233/σf
 U-235 1.5130 3.0 –3.1 –3.1 –1.2 0.8

σf
 Am-241/σf

 Pu-239 0.1963 3.0 0.1 –3.2 14.8 1.4
61-1 σf

 Pu-238/σf
 Pu-239 0.5412 3.0 12.1 14.6 17.6 0.9

61-2 σf
 Pu-239/σf

 U-235 1.0520 1.5 –1.4 –2.7 –1.0 0.8
σf

 Np-237/σf
 Pu-239 0.2610 3.0 0.2 –1.2 2.3 0.8

µk
2 for keff 3.09 0.39 0.11

µk
2 (all experiments) 1.13 1.30 2.28
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The biases in the results for the spectral indices are in 
the limits of the statistical calculation error. Based on the 
results of the computational and experimental analysis for 

the entire set of measurements performed based on a se-
ries of the BFS-61 assemblies, the ROSFOND library is 
the optimal nuclear data library.
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