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ABSTRACT
The YALINA Booster facility is a subcritical assembly located in Minsk, Belarus. The facility has
special features that result in fast and thermal neutron spectra in different zones. The fast zone of
the assembly uses a lead matrix and uranium fuels with different enrichments: 90% and 36%,
36%, or 21%. The thermal zone of the assembly contains 10% enriched uranium fuel in a
polyethylene matrix. This study discusses the performance of the three YALINA Booster
configurations with the different fuel enrichments. In order to maintain the same subcriticality
level in the three configurations, the number of fuel rods in the thermal zone is increased as the
uranium fuel enrichment in the fast zone is decreased. The maximum number of fuel rods that can
be loaded in the thermal zone is about 1185. Consequently, the neutron multiplication of the
configuration with 21% enriched uranium fuel in the fast zone is enhanced by changing the
position of the boron carbide and the natural uranium absorber rods, located between the fast and
the thermal zones, to form an annular rather than a square arrangement.
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1. INTRODUCTION
The collaboration activities between the Argonne National Laboratory (ANL) of USA and the
Joint Institute for Power & Nuclear Research -Sosny of Belarus [1] aim at using low enriched
uranium fuel in the YALINA Booster facility without degrading its capabilities. ANL has
analyzed several YALINA Booster configurations with different uranium fuel enrichments. The
facility has no active cooling system and consists of four concentric square zones: a target zone
with 8 cm side, an inner fast zone with 16.4 cm side, an outer fast zone with 49 cm side, and a
thermal zone with 98 cm side. The inner fast zone can use either high (90%), medium (36%), or
low (21%) enriched uranium fuel rods, the outer fast zone can use either medium (36%) or low
(21%) enriched uranium fuel rods, and the thermal zone always uses uranium oxide fuel rods
with 10% 235U enrichment (EK-10 fuel type). In-between the outer fast zone and the thermal
zone there is a thermal neutron absorber interface consisting of two concentric square shells.
The first square shell contains natural uranium rods and the second contains natural boron
carbide rods. These two absorber shells prevent streaming of thermal neutrons from the thermal
zone into the fast zone due to the high (n,α) thermal cross section of 10B and the epithermal
capture resonances of 238U. This assembly configuration is referred as “booster” because it is
composed of a inner fast zones around the central target and an outer thermal zone. The high and
natural enriched fuels consist of metallic uranium, the medium (36%) and low (21%) enriched
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fuels consist of uranium oxide, and the low (10%) fuel consists of uranium oxide mixed with
magnesium oxide (forming a diffusion bound between the uranium oxide the aluminum clad).
The matrix material of the fast fuel zones is lead and the one of the thermal fuel zone is
polyethylene. In the thermal and fast fuel zones, a stainless steel grid with a thickness of 0.4 cm
and a width of 24 cm holds the lead and the polyethylene matrix blocks. Borated polyethylene
axial reflector is used at the top and the bottom of the fuel zones. Along the fuel rod length, half
of the target zone contains pure lead and the other half allocates the copper disk that contains
deuterium or tritium (for producing deuterium-deuterium or deuterium-tritium neutrons), the
vacuum beam tube, the water cooling channel, and the stainless steel structures. The copper disk
of the target is located at the center of the active fuel length, which is 50 cm. The fuel zone of
assembly is surrounded by a radial graphite reflector with a height of 60 cm and a width of 25
cm. The subcritical assembly has ten experimental channels and six measurement channels.
This study presents the performances of the YALINA booster when it is operated with the five
different configurations summarized in Table I. A detailed description and illustrations of the
YALINA booster facility operating in configuration 1 can be found in Argonne National
Laboratory reports [1-3]. The horizontal section of the fuel zone and the vertical section of the
assembly for configuration 3 are plotted in Figures 1 and 2, respectively. The horizontal sections
of the fuel zone for configurations 4 and 5 are plotted in Figures 3 and 4, respectively. Figure 1
labels the experimental channels of the facility.
When fuel enrichment in the fast zone diminishes, the decrease in neutron multiplication can be
compensated for by a higher number of fuel rods in the thermal zone. In addition, the neutron
multiplication of configuration 4 using low (21%) enriched fuel can be enhanced by arranging
the absorber rods in circular (as in configuration 5) rather than square shape.
Table I. Features of YALINA configurations. S and A in the 4th column indicate square and
annular arrangement of the absorber rods, respectively.

Configuration

Inner Fast
Zone
# Rods /
Enrichment

Outer Fast
Zone
# Rods /
Enrichment

Absorber Zone
# Unat rods /
# B4C rods /
Arrangement

Thermal Zone
# Rods /
Enrichment

1

132 / 90%

563 / 36%

108 / 116 / S

1141 / 10%

2

132 /36%

563 / 36%

108 / 116 / S

1185 / 10%

3

55 /21%

546 / 21%

108 / 116 / S

1185 / 10%

4

132 /21%

519 / 21%

152 / 116 / S

1185 / 10%

5

132 /21%

519 / 21%

152 / 116 / A

1185 / 10%
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Figure 1. Horizontal section of fuel zone of YALINA Booster subcritical assembly with 1185
10% fuel rods in thermal zone, 116 boron carbide rods, 108 natural uranium fuel rods, and
601 21% fuel rods in fast zones; configuration 3.
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Figure 2. Vertical section of YALINA Booster subcritical assembly with 1185 10% fuel rods in the thermal zone, 116 boron
carbide rods, 108 natural uranium fuel rods, and 601 21% fuel rods in the fast zones; configuration 3.
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Figure 3. Horizontal section of fast zone of YALINA Booster subcritical assembly with
1185 10% fuel rods in thermal zone, 116 boron carbide rods in square arrangement, 152
natural uranium fuel rods, and 651 21% fuel rods in fast zones; configuration 4.
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Figure 4. Horizontal section of fast zone of YALINA Booster subcritical assembly with
1185 10% fuel rods in thermal zone, 116 boron carbide rods in annular arrangement, 152
natural uranium fuel rods, and 651 21% fuel rods in fast zones; configuration 5.
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2. RESULTS
All numerical analyses have been performed by using the MCNPX code [4] equipped with the
ENDF/B nuclear data library, version VI.6 for configuration 1 and version VII.0 for all other
configurations.
Table I summarizes the kinetic parameters obtained for configurations 1, 2, and 3. The effective
multiplication factor keff diminishes as the enrichment of the fuel in the fast zone diminishes. The
facility can be driven by californium, deuterium-deuterium (D-D), or deuterium-tritium (D-T)
external neutron sources. The source multiplication factor ksrc (calculated by MCNPX in source
mode) for the D-T external neutron source is always higher than the effective multiplication
factor (calculated by MCNPX in criticality mode). The californium and D-D ksrc are higher than
keff for configuration 1, similar to keff for configuration 2, and lower than keff for configuration 3.
The effective delayed neutron fraction βeff for configurations 2 and 3 is slightly lower than that
for configuration 1 because of the different nuclear data libraries used. The prompt neutron
lifetime lp is similar for all configurations (55-60 µs).
The effective multiplication factor for configuration 3 (using 21% enriched fuel) is about 1700
pcm smaller than the value obtained for configuration 1 (using 90% and 36% enriched fuels in
the first and second fast zones, respectively). 1185 is the maximum number of fuel EK10 rods
available for use in the thermal zone, and therefore the neutron multiplication of the assembly
loaded with 21% enriched fuel cannot be increased by adding more fuel rods in the thermal zone.
However, in order to enhance the neutron multiplication of the assembly loaded with low (21%)
enriched fuel, the absorber rods of the interface between the fast and thermal fuel zones can be
rearranged in circular rather than square shape. When the absorber rods are arranged in the
square shape, the effective multiplication factor is 0.96386±5 (configuration 4 shown in Figure
3); when the absorber rods are arranged in the circular shape (as in configuration 5, shown in
Figure 4), the effective multiplication factor is 0.98297±5, which represents a 1900 pcm increase
relative to the value obtained with the square shape.

Table I. Kinetic parameters of YALINA booster subcritical assembly with different fuel
enrichments in the fast zones. Boron carbide and natural uranium rods arranged in square
shape.
Kinetic
Parameter
keff
ksrc Cf
ksrc D-D
ksrc D-T
βeff [pcm]
lp [µ
µs]

1
0.97972±4
0.98722
0.98683
0.99148
752±2
54±2

Configuration
2
0.97507±9
0.97535
0.97490
0.98409
717.1±1.4
57.9±1.5
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3
0.96404±4
0.95588
0.95590
0.97193
720.8±1.4
60.0±0.7
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Figures 5 and 6 show the thermal and fast neutron flux distributions, respectively, in the
assembly for the square arrangement (configuration 4). Figures 7 and 8 show the results obtained
with the circular arrangement (configuration 5). The change from square to annular arrangement
does not affect the flux profiles. The thermal flux has a maximum in the first rows of the fuel
rods located in the thermal zone next to the fast zone due to the polyethylene moderation. The
fast flux peaks at the center of the facility, where the external D-T neutron source is located.
Figures 9 and 10 compare the neutron spectrum in the EC1B experimental channels for the
square and annular arrangements (configurations 4 and 5) and for different neutron sources. The
booster feature of the assembly is preserved because the channel exhibits a fast spectrum with
the annular arrangement.

3. CONCLUSIONS
This study illustrates the performance of the YALINA booster assembly with high, medium, and
low enriched fuels. From the reactivity standpoint, diminishing the fuel enrichment in the fast
zone of the assembly can be only partially compensated by increasing the number of the fuel
rods in the thermal zone. The reallocation of the absorber rods from square to circular
arrangement has proved to be an effective way to operate the facility with low enriched fuel
while preserving the booster mode and the high multiplication obtained with high enriched fuel
in the fast zone.
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Figure 5. Thermal flux distribution for DT neutron source and square arrangement.

Figure 6. Fast flux distribution for DT neutron source and square arrangement.
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Figure 7. Thermal flux distribution for DT neutron source and circular arrangement.

Figure 8. Fast flux distribution for DT neutron source and circular arrangement.
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Figure 9. Normalized neutron spectrum in EC1B for square arrangement.
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Figure 10. Normalized neutron spectrum in EC1B for circular arrangement.
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