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Accepted 167 Dec. 2019 this goal, OSMOSE program utilized samples that are composed of separated actinides which contain
isotopes of americium, plutonium, uranium, and thorium. By inserting those samples in the core
configuration of MINERVE reactor, they can be used for improvement of nuclear cross-section
databases by cross checking their calculated reactivity worth per each sample using several nuclear data
library versions and experimental measurements. The present study investigated the effect of the used
nuclear data library on the calculated reactivity of MINERVE reactor with several OSMOSE samples
employed in R1-UO2, R1-UO2, and R1-MOX core configurations. The study performed a comparison
between the calculated effective multiplication factor using MCNPX code with ENDF/BVI.8 and
ENDF/BVII.0 nuclear data libraries. Moreover, the relative difference between the calculated reactivity
worth by ENDF/BVI.8 and ENDF/BVII.0 was examined and discussed using available experimental

results of the relevant core.
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Introduction

The development of nuclear technologies depends
on building and improving nuclear data that
provide an accurate numerical simulation of the
nuclear reaction to obtain reliable design
calculations. This is an essential requirement for
safety and economic operation of these
technologies. The basic data include energy-
dependent cross-sections for reactions of many
combinations of projectile and target, the atomic
and nuclear properties of the nuclear excited states,
and the associated radioactive decay data.
Although the nuclear data and computational tools
used for the present nuclear reactors have been
extended to a high level of progress, the advanced
types of reactors still require a further

improvement in those tools and data, especially for
employing unconventional nuclear fuel such as
plutonium and minor actinides as a part of nuclear
waste management and future design of nuclear
systems.

Addressing the above issues, several studies have
been going on to test and validate nuclear data
libraries such as ENDF/B-VI.0, ENDF/B-VII.0,
ENDF/B-VII.1, JENDL-3.3, JEFF-3.0, and JEFF-
3.1 using Monte Carlo transport codes MCNP,
MCNPX, and others [1-6]. The experimental
programs in MINERVE reactor [7-9] are designed
to develop the integral absorption cross-sections of
heavy isotopes and actinides. One of those
important programs is the oscillation in MINERVE
of isotopes in eupraxic spectra program
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(OSMOSE) with the goal of improving the
calculations of neutronic parameters of advanced
nuclear fuels via oscillation measurements in the
MINERVE facility on samples that contain the
separated actinides of americium, plutonium,
uranium, and thorium isotopes. The investigations
have undergone in a variety of neutron spectrum
including thermal, epithermal and fast spectra.

The purpose of this work is to study the effect of
using different ENDF nuclear data library on the
calculated effective multiplication factor and
reactivity worth of MINERVE reactor with several
OSMOSE samples. The calculations are performed
by MCNPX code with ENDF/BVI8 and
ENDF/BVII.0 nuclear data libraries, in R1-UQO2,
R1-UO2, and R1-MOX core configurations. The
final results are tested by comparison to available
experimental measurements.

Minerve Reactor

MINERVE is an experimental pool-type reactor,
which operates at low power of 100 W. The
dimension of the core is about 2.7 x 2.7 x 2.2
meters which is submerged under water and
divided into a driver zone that surrounds an
experimental zone positioned in a central square
cavity whose dimensions are about 0.70 m by 0.70
m . The reactor core is moderated by distilled
water and cooled by natural convection. The driver
zone is fueled by uranium of 90 -93 wt%
enrichment, with aluminum clad, and divided into
about 30 elements surrounded by a graphite
reflector. The experimental zone is fueled by
uranium of 3 wt% enrichment and used to control
the neutron spectrum and conduct experiments.
Specific and detailed description of the driver and
experimental zones in MINREVE reactor is found
in previous studies [10-12].

Osmose samples are employed in MINERVE
reactor to enhance the nuclear cross-section
databases by comparative calculations and
measurements of the reactivity per each sample
[13]. The samples are composed of separated
actinide including isotopes of americium (**Am,
22Am), plutonium (®°Pu, #*°Pu, *%Pu, ?*'Pu,
#2py), uranium (**U, U, *°U) and thorium
(***Th). The isotopic composition of OSMOSE
samples are shown in Table 1 [14]. The cross-
sectional view of the samples is shown in Figure
(1), with more dimensional parameters found in
the previous studies [10, 15, 16]. The samples are
inserted individually in the core center for
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conducting experiment and necessary
measurements.
The present study investigates three core

configurations of MINERVE, which are R1-U02,
R2-UO02, and R1-MOX, shown in Figures (2, 3,
and 4, respectively). The experimental zone of R1-
UO2 contains 776 fuel rods of UO, with a void in
the center of the lattice. The same configuration
applies for R2-UO2 experimental zone except for
removing 8 fuel rods that surround the central
void. The configuration of R1-MOX experimental
zone is also similar to that of R1-UO2 but with 156
UO, fuel rods, which surrounds the central void,
being replaced by mixed oxide fuel rods (MOX)
that are mainly composed of PuO, with Pu of 3-4
wt%. The fuel and characteristic neutron spectrum
of each core are shown in Table (2).

Mcnpx Model

In the present work, MCNPX code [17] with
ENDF/B-VI.8 data library [18] and ENDF/ B-
VI1.0 data library [19] are used in the calculation
to obtain the neutron multiplication factor ke and
reactivity worth. The radial and side view of the
MCNPX model of MINERVE core are presented
in Figures (5 and 6), showing the main
experimental and driver zones. The core
configurations R1-U02, R2-UO2, and R1-MOX
were modeled using MCNPX and eigenvalue
calculations were executed with a number of
histories of 35 million including 250 active cycles.
The standard deviation in sigma was less than
1.9E-4 for all core calculations

_~— Zr-4 Clad

Water

Fig. (1): Cross-sectional view of OSMOSE sample

_— OSMOSE Sample
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Table (1): Isotopic atom number percent of OSMOSE samples composition

> [ C [ C C < < o
AM41 1 000 000 000 020 000 000 2768 000 000 000 000 000 004 000 1620  55.88
AM4L 2 000 000 000 024 000 000 3294 000 000 000 000 000 015 000 0.0 66.67
AM43 000 000 000 024 000 000 3306 000 000 000 000 000 000 008 0.0 66.62
NP37_1 000 000 000 024 000 000 3301 000 000 000 000 000 000 000 008 66.67
NP37_2 000 000 000 024 000 000 3263 000 000 000 000 000 000 000 045 66.68
PU38 000 039 001 024 000 000 3260 029 005 00l 000 000 000 000  0.00 66.42
PU39 000 000 000 024 000 000 3263 000 044 001 000 000 000 000 0.0 66.67
PU40 000 000 000 024 000 000 3298 000 000 011 000 000 000 000  0.00 66.67
PU41 000 000 000 024 000 000 3301 000 000 000 008 000 000 000 0.0 66.67
PU42 000 000 000 024 000 000 3273 000 000 000 000 036 000 000 0.0 66.67
U233 000 000 001 024 000 000 3309 000 000 000 000 000 000 000  0.00 66.65
U234 000 000 024 024 000 000 328 000 000 000 000 000 000 000 0.0 66.68
Unat 000 000 000 024 001 000 3308 000 000 000 000 000 000 000  0.00 66.67
URE 000 000 002 133 030 000 3167 000 000 000 000 000 000 000 0.0 66.67
TH232 3332 000 000 000 000 000 000 000 000 000 000 000 000 000 0.0 66.68
U-TH232 162 000 000 023 000 000 3148 000 000 000 000 000 000 000 0.0 66.68
Table (2): Fuel and characteristic neutron spectra of MINERVE core configurations

No. Core configuration Fuel type Spectrum

1 R1-UO2 uo, PWR spectrum

2 R2-UO2 uo, Soft spectrum

3 R1-MOX MOX [PUO,] PWR-MOX spectrum
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Fig. (2): Experimental zone of MINERVE core R1-UO2
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Fig. (4) Experimental zone of MINERVE core R1-MOX
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Fig. (3): Experimental zone of MINERVE core R2-UO2
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Fig. (5): MCNPX model radial view of MINERVE core
experimental and driver zone
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T

Fig. (6): MCNPX model side view of MINERVE core
experimental and driver zone

Results and Discussion

The comparison of the calculated neutron spectrum
shown in Figure (7) confirms the soft spectrum
characteristics of R2-UO2 core, which is
mentioned in Table (2). This is due to the over
moderation of the R2-UO2 compared to R1-UO2
which is discussed in the details of their core
configuration in a previous study [10]. The change
in the thermal and fast neutron flux components
between the cores induces a significant effect on
the criticality calculation according to the used
nuclear data library, and thus, influence the
accuracy of the results in the two studied versions,
ENDF/BVI.8 and ENDF/BVII.0, as will be shown
later.
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. (7): Comparison between neutron spectra for the core
configurations R1-UO2, R2-U02, and R1-MOX
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The comparison between the calculated effective
multiplication factor ke in cases of R1-UO2, R2-
UO02, and R1-MOX configurations with OSMOSE
samples, using ENDF/BVIL.8 and ENDF/BVII.0
nuclear data is shown in Table (3). The majority of
the results calculated with ENDF/BVI.8 were
overestimated in case of the R1-UO2 with respect
to ENDF/BVII.0, which can be noticed from the
negative values of the relative difference. On the
other hand, the results of ENDF/BVI.8 were
underestimated in case of the R2-UO2 with respect
to ENDF/BVIIL.O as noticed from the positive
values of the relative difference. These results
show a strong dependence of the variation between
ENDF/BVI.8 and ENDF/BVII.0 nuclear data on
the neutron spectrum of the specified core. The
ENDF/BVI1.8 nuclear data tends to underestimate
criticality in the soft spectrum core, while
overestimate criticality in the relatively harder
spectrum core (PWR spectrum).

The comparison between the calculated reactivity
worth of OSMOSE samples in MINERVE for R1-
UO02, R2-UO2, and R1-MOX configurations is
shown in Tables (4, 5, , and6, respectively), using
ENDF/BVIL.8 and ENDF/BVII.0 nuclear data.
Additionally, the calculation results of the
reactivity worth were compared with the available
experimental data [14, 16] in cases of R1-UO2 and
R1-MOX as shown in Figures (8 and 9). The
calculated reactivity worth using ENDF/BVII.0
shows a considerable better agreement with the
experimental ~ results than  when  using
ENDF/BVIL.8. The minimum and maximum
absolute  relative  difference  between the
experimental results and ENDF/BVII.0
calculations were 1% and 5% in case of R1-UO2,
and, 1% and 8% in case of R1-MOX, respectively.
A much larger deviation from the experimental
results was observed upon using ENDF/BVI.8
nuclear data in the calculations, particularly in
NP37_2, PU39, and PU42 samples in R1-UQO2,
and, NP37_1, PU42, and URE samples in R1-
MOX. The minimum and maximum absolute
relative differences between the experimental
results and ENDF/BV1.8 calculations were 8% and
132% in case of R1-UO2, and, 34% and 195% in
case of R1-MOX, respectively. These results show
a significant improvement in ENDF/BVII.0
nuclear data evaluation over ENDF/BVI.8, which
was particularly evident in PU39, PU42, and U234
samples in case of R1-UO2, and, Unat and URE

Arab J. Nucl. Sci. & Applic. Vol. 53, No. 1 (2020)
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samples in case of R1-MOX, where the absolute
relative difference between the experimental
results and ENDF/BVI11.0 calculations was reduced
down to 1%.

Other than the variation between the experimental
and calculated results due to using different data
libraries, it is also worth noting that OSMOSE
samples may include other unspecified isotopes

due to storage contaminations or incomplete
separation of actinides. However, from the
comparison of the relative difference between the
experimental and ENDF/BVII.0 calculated results,
this effect would produce a much smaller variation
than that observed when using ENDF/BVI.8 in
calculations.

Table (3): Effective multiplication factor with OSMOSE samples in MINERVE configurations

Sample Kett

R1-UO2 R2-UO2 R1-MOX

ENDF/BVI ENDF/BVI Rel. diff. % ENDF/BVI ENDF/BVI Rel. diff. % ENDF/BVI ENDF/BVI Rel. diff. %

.8 1.0 .8 1.0 .8 1.0
AM41_1 1.00107 1.00004 -0.10 1.00158 1.00202 0.04 0.99922 0.99881 -0.04
AM41_2 1.00128 0.99918 -0.21 1.00122 1.00200 0.08 0.99902 0.99817 -0.09
AMA43 1.00110 1.00013 -0.10 1.00139 1.00199 0.06 0.99913 0.99893 -0.02
NP37_1 1.00104 1.00020 -0.08 1.00146 1.00178 0.03 0.99879 0.99898 0.02
NP37_2 1.00103 0.99939 -0.16 1.00150 1.00232 0.08 0.99910 0.99821 -0.09
PU38 1.00115 0.99958 -0.16 1.00119 1.00195 0.08 0.99934 0.99873 -0.06
PU39 1.00117 1.00111 -0.01 1.00143 1.00214 0.07 0.99924 0.99978 0.05
PU40 1.00076 0.99953 -0.12 1.00127 1.00181 0.05 0.99907 0.99860 -0.05
pu41 1.00121 1.00073 -0.05 1.00135 1.00219 0.08 0.99916 0.99943 0.03
PU42 1.00130 1.00014 -0.12 1.00103 1.00224 0.12 0.99934 0.99893 -0.04
U233 1.00110 1.00119 0.01 1.00156 1.00202 0.05 0.99942 0.99993 0.05
U234 1.00109 1.00013 -0.10 1.00150 1.00216 0.07 0.99894 0.99895 0.00
Unat 1.00122 1.00039 -0.08 1.00116 1.00204 0.09 0.99930 0.99916 -0.01
URE 1.00117 1.00148 0.03 1.00128 1.00219 0.09 0.99904 1.00013 0.11
TH232 1.00108 1.00028 -0.08 1.00136 1.00236 0.10 0.99907 0.99899 -0.01
U-TH232 1.00141 0.99904 -0.24 1.00145 1.00213 0.07 0.99901 0.99837 -0.06

Table (4): Reactivity worth of OSMOSE samples in MINERVE for R1-UO2 configuration

Sample Reactivity worth (pcm)

ENDF/BVI1.8 ENDF/BVII.0 Experimental Results
AMA41 1 -14.97 -34.98 n/a
AMA41 2 5.99 -121.05 n/a
AMA43 -11.97 -25.99 n/a
NP37_1 -17.96 -18.99 -19.58
NP37_2 -18.96 -100.02 -105.76
PU38 -6.98 -81.00 n/a
PU39 -4.99 71.89 72.34
PU40 -45.91 -86.01 n/a
pU4l -1.00 33.96 n/a
PU42 7.98 -24.99 -25.2
U233 -11.97 79.87 n/a
U234 -12.97 -25.99 -26.18
Unat 0.00 0.00 n/a
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URE -4.99 108.80 n/a
TH232 -13.97 -10.99 n/a
U-TH232 18.95 -135.08 n/a

Table (5): Reactivity worth of OSMOSE samples in MINERVE for R2-UO2 configuration

Sample Reactivity worth (pcm)
ENDF/BV1.8 ENDF/BVII.0

AMA41_ 1 41.89 -1.99
AM41 2 5.99 -3.98
AM43 22.94 -4.98
NP37_1 29.92 -25.90
NP37_2 33.91 27.88
PU38 2.99 -8.96
PU39 26.93 9.96
PU40 10.97 -22.91
PU41 18.95 14.94
PU42 -12.97 19.91
U233 39.89 -1.99
U234 33.91 11.95
Unat 0.00 0.00
URE 11.97 14.94
TH232 19.95 31.86
U-TH232 28.92 8.96

Table (6): Reactivity worth of OSMOSE samples in MINERVE for R1-MOX configuration

Sample Reactivity worth (pcm)

ENDF/BVI1.8 ENDF/BVII.0 Experimental Results
AM41_1 -8.01 -35.07 -34.16
AM41_2 -28.05 -99.26 -96.31
AMA43 -17.03 -23.04 n/a
NP37_1 -51.10 -18.03 -17.33
NP37_2 -20.03 -95.25 -97.57
PU38 4,01 -43.09 n/a
PU39 -6.01 62.07 64.46
PU40 -23.04 -56.13 nla
PU41 -14.02 27.04 n/a
PU42 4,01 -23.04 -24.2
U233 12.02 77.07 n/a
U234 -36.06 -21.04 -22.93
Unat 0.00 0.00 n/a
URE -26.04 97.07 97.98
TH232 -23.04 -17.03 -17.23
U-TH232 -29.05 -79.20 n/a
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Fig. (8): A Comparison of reactivity worth calculations of
OSMOSE samples with experimental results in
R2-UO2 configuration

Conclusion

The present work investigated the effective
multiplication factor and reactivity worth of
MINERVE reactor with several OSMOSE samples
in R1-UO2, R1-U02, and R1-MOX core
configurations. The investigation involved the
comparison  of the calculated effective
multiplication factor using MCNPX code with
ENDF/BVIL.8 and ENDF/BVII.O nuclear data
libraries. Moreover, the difference between the
calculated reactivity worth by ENDF/BVI.8 and
ENDF/BVII.0O was examined using available
experimental results of the relevant core.

The comparison of the calculated effective
multiplication factor using ENDF/BVI.8 and
ENDF/BVII.0 nuclear data libraries showed the
tendency of ENDF/BVI.8 to underestimate
criticality with respect to ENDF/BVII.0 in the soft
spectrum core, while overestimate criticality in the
relatively harder spectrum core. The comparison
between the experimental and calculated reactivity
worth of OSMOSE samples in R1-UO2 and R1-
MOX core configurations using ENDF/BVI1.0 and
ENDF/BVIL.8 nuclear data libraries, showed a
considerable improvement in ENDF/BVII.O
evaluation. This improvement is owing to a better
accuracy in the cross-sections and fission yield
products, especially in PU39, PU42, and U234
samples in case of R1-UO2, and, Unat and URE
samples in case of R1-MOX of the relatively
harder neutron spectrum.

Further investigations and comparisons are
required for more recent nuclear data libraries

Arab J. Nucl. Sci. & Applic. Vol. 53, No. 1 (2020)

I =NDF/BVLS N
[ 1ENDF/BVILO
| (I Experimental

100

Reactivity worth (pcm)

AM41_1
AM41 2
AM43
NP37 1
NP37 2
PU38
PU39
PU40
PU41
PU42
U233
U234
Unat
URE
TH232
U-TH232

Sample (R1-MOX)

Fig. (9): A Comparison of reactivity worth calculations of
OSMOSE samples with experimental results in
R1-MOX configuration

including ENDF/BVII.1 and ENDF/BVIIILO in a
more variety of neutron spectra, which will
advance performance, and reliability of the
evaluated nuclear data libraries.
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