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In 1958, the experimental RB reactor was designed as a heavy water critical assembly with
natural uranium metal rods. It was the first nuclear fission critical facility at the Boris Kidri¢
(now Vinca) Institute of Nuclear Sciences in the former Yugoslavia (now Serbia). The first
non-reflected, unshielded core was assembled in an aluminum tank, at a distance of around 4
m from all adjacent surfaces, so as to achieve as low as possible neutron back reflection to the
core. The 2% enriched uranium metal and 80% enriched uranium dioxide (dispersed in alu-
minum) fuel elements (known as slugs) were obtained from the USSR in 1960 and 1976, re-
spectively. The so-called “clean” cores of the RB reactor were assembled from a single type of
fuel elements. The “mixed” cores of the RB reactor, assembled from two or three types of dif-
ferent fuel elements, were also positioned in heavy water. Both types of cores can be composed
as square lattices with different pitches, covering a range of 7 cm to 24 cm. A radial heavy wa-
ter reflector of various thicknesses usually surrounds the cores.

Up to 2006, four sets of clean cores (44 core configurations) have been accepted as criticality
benchmarks and included into the OECD ICSBEP Handbook. The RB mixed core 39/1978
was made of 31 natural uranium metal rods positioned in heavy water, in a lattice with a pitch
of 8V2 cm and 78 x 9 low enriched uranium metal slugs placed in heavy water in lattice pitches
of 8 cm and 8V2 cm. This RB multipart core has now been proposed to the ICSBEP as a possi-
ble new U-D,O criticality benchmark, due to its complex irregular lattice which is almost im-
possible to simulate by computer codes that require axial symmetry or a regular lattice.
Criticality results presented in this paper were obtained in calculations carried out by using
recent versions of the MCNP5 and KENO V.a computer codes and various libraries of the
neutron cross-sections data. Our results confirm that the proposed RB reactor complex core,
RB 39/1978, may well prove to be a new U-D,O benchmark criticality system for validating
reactor design computer codes and data libraries recommended by the ICSPEP.
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INTRODUCTION

Benchmarks are standard problems for which ei-
ther analytical or accurate experimental data exist.
Many valuable benchmark criticality experiments are
compiled in well-known reports issued by the ANL
(1968, [1]), BNL(1974, [2]), PNNL(1978, [3]), LLNL
(1983, [4]) and have recently been systematically
evaluated by the OECD/NEA(1997-2011, [5]). Only a
few (about 2% from the total number of around 4500)
benchmark experiments regarding uranium-heavy
water criticality systems were evaluated in these eval-
uations. Numbered RB reactor cores [6, 7] offer a fer-
tile and valuable database for general research and
evaluation of reactor physics data and criticality
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benchmark studies. Various analyses of the RB reactor
database show that is possible to choose, carefully se-
lected and well recorded, a few sets of these cores and
to propose them as uranium-heavy water criticality
benchmarks. Four sets of the RB reactor clean cores, a
total of 44 core configurations, have been evaluated,
accepted as benchmarks and included into the ICSBEP
Handbook [5, 8, 9] up to 2006. These RB reactor cores
could be used for the validation of computer codes and
neutron data libraries used for reactor design and criti-
cality safety of uranium fissile materials placed in reg-
ular square lattices filled with heavy water.

The RB experimental nuclear reactor was de-
signed as a bare critical assembly with natural uranium
metal rods (2.5 cm diameter, 210 cm height) and heavy
water. It was commissioned at the Boris Kidri¢ Insti-
tute of Nuclear Sciences, in late April 1958 [10]. The
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fuel rods cladding was made in 1961 of “low purity”
aluminum, 1 mm thick. The RB reactor’s core was de-
signed as a bare aluminum cylindrical tank (ID/OD
2.00/2.02 m, height 2.30 m) mounted on an aluminum
support platform, 3.75 m high. The entire RB reactor
assembly, along with the supporting platform, was
placed in the centre of a dry, box shaped pool (dimen-
sions 8 m x 8 m x 1.5 m) in the large hall of the reactor.
This type of construction provides as low as possible
(less than 0.4%) reflection back to the core of neutrons
escaping the bare reactor core (fig. 1). Later, in 1960
and 1976, the 2% enriched uranium metal fuel ele-
ments and 80% uranium dioxide (dispersed in alumi-
num) fuel elements of the TVR-S shape were obtained
from the USSR, respectively. These LEU and HEU
fuel elements have the same geometric shape (known
as the “slug” shape, fig. 2) and a similar content of
mass of the nuclide 22°U: 7.25 g per LEU slug and 7.67
g per HEU slug. The aluminum alloy used in the fuel
slug design is known as the “high purity” SAV-1 alloy
with low contents of neutron absorbing impurities
(like boron and cadmium). The volume of the TVR-S
fuel slug is about 60 cm?, while the volume of the fuel
layer (10 cm height and 2 mm thick) is about 20 cm?.
Several fuel slugs (from 7 to 18) can be placed,
one above the other, at the bottom of the fuel assembly
aluminum tube (ID/OD = 41/43 mm, 210 cm long) to
build an RB enriched uranium fuel assembly. Fuel rods
and fuel assemblies can be placed in square lattices with
basic pitches a =7 cm, 8 cm, 9 ¢cm, 12 cm, and 13 cm.
Lattices with pitch values na, na'? or a(n+1)"2,
where n is awhole number (1, 2,...), can be created, too.

40.4 mm

Figure 1. View of the RB reactor in 2000

RB cores with fuel assemblies positioned in irregular
lattices can be created, as well. These enriched uranium
fuel slugs offer a possibility to design radial (usually in
experiments) or axial (rarely in experiments) heavy wa-
ter reflected cores, as well. Heavy water is, thus, used as
a moderator, coolant and reflector in the RB reactor.
During the operation of the RB research reactor,
no control or neutron monitoring devices were present
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Figure 2. Size, shape, and drawing of the LEU and HEU TVR-S fuel slugs
(according to http://www.nccp.ru/ir/tvr-s.html)
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in the core. Criticality and power changes were ac-
quired and maintained by running a pump to achieve a
fine adjustment of the heavy water level. The D,O cur-
rent height in the reactor tank was continuously mea-
sured by a platinum needle of an automatic probe with
the maximum error of £0.2 mm. By manually operat-
ing another (precisely calibrated) probe, this absolute
error in the determination of the D,0O level in the reac-
tor tank can be twice reduced, to £0.1 mm.

The RB research reactor still operates as a critical
system with a fission power range of 10 mW to S0 W.
It rarely operates at higher power levels of up to 10 kW,
and then only briefly. The total generated fission energy
in fuel elements (for all three types of uranium fuel)
over the reactor’s 50 years history, including the energy
released in the reactivity accident in October 1958
[11], is estimated at approximately 18 kWh, i. e., the
fuel burn-up deemed as insignificant and, consequently,
not included in our calculations.

The isotopic “purity” of the RB reactor’s heavy
water is measured at the Chemical Laboratory of the
Vinca Institute at least once a year. The major “impu-
rity” in the heavy water is ordinary water (H,O, ab-
sorbed from air humidity). Other impurities are negligi-
ble, which was confirmed by gamma-ray spectroscopy
analyses [12] done for several samples of the heavy wa-
ter taken over the years of operation of the RB reactor.

The temperature of the heavy water in the reac-
tor’s core is measured by using a platinum resistance
probe connected to a direct current bridge calibrated in
degrees of Celsius, with the maximum absolute error
of £0.1°C. Because the RB reactor operates at low
power, the temperatures of the fuel layer and cladding
are equal to the temperature of the heavy water.

A few vertical experimental channels and/or
horizontal experimental channels, made from low pu-
rity aluminum of various diameters and length, could
be placed at several, predetermined by the lattice grid
construction, positions in the core. The reactor tank,
aluminum cladding of natural uranium metal fuel rods
and the fuel support plates of the lattice grid, were
made of low purity aluminum made in former Yugo-
slavia (known as the YuAl or LpAl).

Clean or mixed cores could be arranged in
(usually square) heavy water lattices with different
pitches. During the 50 years of operation of the RB nu-
clear reactor at the Vinca Institute, over 600 different
RB reactor cores were designed, using all three types
of fuel assemblies, including very complex and
non-homogeneous RB reactor cores with coupled
fast-thermal regions.

Following recent, worldwide, security demands
for HEU to LEU fuel conversion in research nuclear
reactors and the plan for the decommissioning of the
Vinca RA research reactor, all fresh HEU TVR-S fuel
elements have been shipped from the Vinca Institute
back to their country of origin (the Russian Federa-
tion) in 2002 [13, 14].

DESCRIPTION OF THE RB CORE
39/1978 AND 3-D MODEL

The mixed RB 39/1978 core was designed of 31
natural uranium metal rods positioned in a lattice with
a square pitch of 8V2 cm and 78 x 9 low enriched ura-
nium metal TVR-S fuel slugs placed in square pitches
of 8 cm and 8\2 cm. Such a complex composition and
shape of the RB reactor core 39/1978 were chosen and
conceived as a core that would supply a maximum
thermal neutron current to the external neutron con-
verter (ENC). The ENC itself was constructed
within an aluminum box (size 112.0 cm x 111.6 cm x
x 7.8 cm), outside the RB core. The ENC box contains
561 HEU fuel elements (arranged in air) in two hori-
zontal rows (shifted for the fuel slug radius) and 9 or
10 vertical rows (shifted for a half of the fuel slug
height). Details of the ENC are described elsewhere
[15, 16].

The ENC is designed to convert the thermal neu-
tron flux escaping the RB reactor core to a fast one,
with an almost fission spectrum at the ENC output, af-
ter transmitting a screen designed as a sheet of cad-
mium, 1 mm thick. A part of the ENC construction
isshown in fig. 3, with a single line representing the
3 mm thick back aluminum plate (facing the RB reac-
tor 39/1978 core at the shortest distance, that of 10 cm)
used for assembling the ENC box. This is a strong neu-
tron-coupled thermal (RB core) — fast (ENC) spectra
system. The ENC itself, due to its construction and
composition, is a deeply sub-critical system. Fast fis-
sions in HEU fuel elements of the ENC have no signif-
icant influence on the criticality of the RB reactor core.
They mainly influence the precise (manually) main-
tained critical level of heavy water, with the weak ex-
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Figure 3. Horizontal cross-section of a 3-D model of the
RB 39/1978 core surrounded by air (1 =LEU fuel assem-
blies; 2 = natural U rods)
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ternal neutron source. Fission processes, produced by
the RB core’s leaking neutrons in HEU fuel elements
in the ENC box, create an isotropic volume fast fission
neutron source. Some newborn neutrons in the ENC
may interact, or not, with the ENC material (aluminum
and HEU fuel) and may go to the RB reactor core, as
well.

The RB 39/1978 core was designed with a thin
(2.4 cm thick) top axial heavy water reflector to the en-
riched uranium fuel assemblies in the RB reactor’s
core and without experimental channels.

The molar concentration of heavy water, at the
time of the core’s design (in 1977 and 1978), was de-
termined at 99.40 + 0.02% of D,0, the remainder to
100%, is H,O. The critical height of the heavy water in
the RB reactor’s core 39/1978 was experimentally de-
termined as 103.65 £ 0.01 cm at a temperature of
heavy waterat21.0 £ 0.2 °C. The horizontal cross-sec-
tion of the 3-D (simplified) model of the RB reactor
core 39/1978, surrounded by air, used, e. g., in the
MCNP code [17], is shown in fig. 3.

This RB mixed core is being proposed to the
ICSBEP as a possible U-D,O criticality benchmark,
due its complex irregular lattice, almost impossible to
simulate with computer codes that require axial sym-
metry or regular lattice. Geometric data and the com-
position of materials, including all known material im-
purities and evaluated uncertainties, determined in [5],
have been used. These data were then applied in the
development of the new, 3-D simplified model of the
RB reactor core 39/1978, based on the TVR-S fuel
slug model, taken from [5], and shown in fig. 4. Parts
of uranium fuel elements, suspended in air above the
critical level of heavy water in the reactor’s tank, have
been neglected in this 3-D simplified model of the RB
reactor core.

CALCULATION, RESULTS AND
DISCUSSION

Initial calculations

Initial calculations of the RB 39/1978 core were
done using the diffusion 20GRAND reactor lattice
computer code in a few neutron energy groups and two
dimensions: X-Y or R-Z, in 1977. These calculations
were done under the 48-bit SCOPE operating system
(0S), on the Control Data Co. CDC 3600 mainframe
computer. The two neutron energy group data for the
RB reactor cells were generated at Vinca Institute
(then known as the “Boris Kidri¢” Institute of Nuclear
Sciences). The well known K7-THERMOS computer
code [18] was used in the thermal energy range of neu-
trons in order to obtain neutron cross-sections and the
diffusion constant for the condensed, single, thermal
energy neutron group. Computer code MULTI [19],
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Figure 4. Vertical cross-section of the TVR-S fuel slug
and the 3-D model [5]

tor cell calculations in epithermal, intermediate, and
fast energy range of neutrons, using the Soviet/Rus-
sian ABBN/BNAB 28-group neutron cross-section
data library [20] was applied, too. This computer code
is used to create cross-sections and the diffusion con-
stant for the single fast neutron group, condensing ob-
tained neutron interaction data for 24 highest neutron
energy groups. These calculations are done for RB re-
actor fuel cells with natural uranium metal rods and
enriched uranium assemblies in heavy water and
heavy water cells.

In spite of the cylindrical geometry of the RB
core, computer code 20GRAND is applied in the R-Z
geometry mode with the requirement for core volume
conservation. In order to find a critical level of heavy
water in the RB 39/1958 complex core and satisfy the
requirement for a regular lattice pitch of the computer
code, two independent runs of the computer code are
done. First, the 20GRAND computer code is run for
the RB reactor core with LEU fuel assemblies ar-
ranged in a lattice pitch of 8V2 cm in the central part of
the core only. From the code run for several assumed
levels of heavy water, the critical heavy water is deter-
mined. In the second run, the computer code is run
with the same fuel assemblies in the central part of the
core, while the rest of the fuel assemblies and fuel rods
(of the real core) are arranged in symmetrical rings
around this central part of the core in the same lattice
pitch. The 20GRAND computer code is also run for
this artificial core for several assumed levels of heavy
water and the critical heavy water is determined. In
this manner, a rough estimation of the critical level of
heavy water in the RB 39/1978 core has been obtained
from two virtual RB simplified cores. It is determined
as an average value, between two critical levels of
heavy water, determined from both runs of the com-
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puter code, as 105.0 = 8 cm. This value was, surpris-
ingly, close to the experimentally measured heavy wa-
ter critical level 103.65 = 0.01 cm at heavy water
temperature of 7=21 °C for the RB39/1978 core (see
tab. 1).

First MCNP calculations with a
3-D simplified model in 1998

The MCNP4B computer code [21] became
available at the Vinca Institute after more than 20
years. This computer code was run for the RB 39/1978
3-D simplified model, using continuous neutron
cross-sections data library based on the ENDF/B-VI1.2
for the main isotopes. The data from older versions of
the ENDEF/B libraries, RMCCS (based on ENDF/B-V)
and BMCCS (based on ENDF/B-1V) for isotopes (not
available in ENDF/B-V1.2) for some impurities (Cu,
Fe, Ni, Cr, Cd, and Ar) in materials, were used. Our
calculations were done under a 16-bit Windows 98 OS
on a PC 80386 processor machine. Neutron scattering
at hydrogen atoms bounded in H,0O molecules and at
deuterium atoms bounded in D,O molecules in the
neutron thermal energy range at temperature of 300 K
is described by using corresponding S(c, B) laws
given in the TMCCS library, available with the
MCNP4B computer code.

In the representation of the 3-D simplified model
of the RB 39/1978 core, the geometry of the system
was modelled as close as possible to the real one. In the
3-D model, only minor approximations of the enriched
uranium TVR-S fuel slug are introduced. The high pu-
rity aluminum “stars” and top parts of the fuel cladding
and the “expeller” (known as the “ejector”) are, sepa-
rately, homogenised (using their volume fractions)
with the surrounding parts of the heavy water or air
(fig. 4). Corresponding volume fractions for the ho-
mogenisations of materials are determined by inde-
pendent material-geometry measurements [5]. Neu-
tron interactions with the RB reactor’s supporting

Table 1. Criticality results for RB 39/1978 core

platform (low purity aluminum), concrete walls, floor
and ceiling of the RB reactor hall are neglected in the
calculations, based on information data on neutron re-
flection [10]. Parts of the fuel assemblies surrounded
by air (i. e., that lie above the critical level of the heavy
water in the RB reactor tank) are also neglected in this
3-D geometry simplified model. The aluminum grid
structure of the bottom of the RB reactor tank and the
supporting plate for fuel elements is modelled as a low
purity aluminum plate with thickness equivalent to 4.0
cm [5].

Sensitivity studies on the neutron effective mul-
tiplication factor of the system (k) for various RB re-
actor clean cores of different uncertainties in geometry
and material composition are done in evaluations pre-
sented in [5]. The values of the total combined uncer-
tainty were shown to lie in the range of 0.51-0.68%
kg Sensitivity studies, carried out for the RB 39/1978
core, of various uncertainties in geometry and material
composition, show that the value of the total combined
uncertainty in kg is 0.44%.

The MCNP4B computer code is run in the
KCODE mode, with an initial neutron source chosen
for each fuel element in the core (KSRC option), for
4000 neutron histories in each of the 800 active cycles,
after the initial 200 cycles. The number of active neu-
tron cycles and neutron histories are selected so as to
obtain an average effective neutron multiplication fac-
tor, with a statistical standard error of 1 o less than 1%,
an acceptable uncertainty for criticality benchmarks.
The uncertainty of 1% in the kg is accepted by
ICEBEP [5], since it is assumed that, in case a simpli-
fied model of a reactor core is used by a computer
code, it should result in a criticality parameter (k.g)
that is within 1% of the measured criticality parameter
ofareal reactor core. This experimental value for kg is
supposed to be corrected for experimental uncertain-
ties, e. g. temperature and other uncertainties, includ-
ing the bias for physical values like neutron reflections
from the walls. For this reason, all Monte Carlo based
computer codes are run for a selected number of neu-

Neutron
Year OS/hardware Code version/neutron library histories/active |k.s£ 1 o or critical height H.
cycles
1977 | 48-bit SCOPE/CDC 3600 20 GRAND/Vinéa 2 group - H,=105+£ 8 cm for k=1
1998 |16-bit Windows 98/PC 80386 MCNP4B2/endfb60 and tmccs 4000/800 0.99309 + 0.00042
MCNP5.1.2/endfb60 and tmccs 5000/1000 0.99335 £ 0.00032
MCNP5.1.2/endfb66 and sab2002 5000/1000 0.99775 £ 0.00032
MCNP5.1.2/jeff3.1.1 and jeff3.1 TSL 5000/1000 1.00120 + 0.00032
Windows 7 Home Premium : :
2011 6d-bitlaptop four | <O V44 group in SCALE 4.4a with ENCI 500012000 0.98843 + 0.00022
i7-processor Toshiba A660 KENO V a/dd in SCALE 4.4a [5] with
ald groupin AafShwith | 56002000 0.99694 + 0.00023
KENO V.a/44 group in SCALE 4.4a [5]
without ENC 5000/2000 0.99287 £ 0.00022
Experiment H;=103.65+0.01 cmat 7=21°C
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tron histories and number of neutron generations (ac-
tive cycles), given in tab. 1, in order to achieve the sta-
tistical standard error (1 o) near 0.1%, i. e. ten times
better than the required uncertainty in benchmark crit-
icality calculations.

All materials used in the 3-D simplified model
are assumed at a temperature of 293 K, except for the
heavy water atom densities, determined at a tempera-
ture of 21 °C. The neutron effective multiplication fac-
tor of the system (k.g) is determined by running the
MCNP4B computer code with associated neutron
cross-section data libraries from 1998, as 0.99309 +
+0.00042 for the experimentally determined critical
level of heavy water (tab. 1).

Criticality calculations with the MCNP5
and KENO V.a codes for the 3-D simplified
model in 2011

The new 5.1.2 version of the MCNP computer
code [17] has also offered a more recently evaluated
neutron library (ENDF/B-VI, realise 6), as well as a
newly updated thermal neutron scattering library.
SAB2002 is based on S(, ) laws for neutron scatter-
ing of hydrogen atoms bounded in H,O molecules and
deuterium atoms bounded in D,O molecules in the
thermal energy range at temperature of 300 K. These
criticality calculations were done on a four Intel
i7-processor Toshiba Satellite laptop A660, with a
64-bit Windows 7 Home Premium OS.

The MCNP5.1.2 computer code is run in the
KCODE mode, with an initial neutron source originat-
ing from fuel elements in the core (KSRC option), for
5000 neutron histories in each of the 1000 active cy-
cles, after the initial 200 cycles. The effective neutron
multiplication factor of the 3-D simplified model of
the system (k) is determined as 0.99775 + 0.00032
for the experimentally determined critical level of
heavy water (tab. 1).

The MCNP5.1.2 computer code is also run using
the same OS/hardware configuration, but with a newly
evaluated neutron library JEFF3.1.1 [22], based on the
ENDEF/B-VII realise 0, and thermal (neutron) scatter-
ing library (TSL) of JEFF3.1 (labelled in tab. 1 as
jeff3.1 _TSL). This TSL is based on S(a, ) laws for
neutron scattering of hydrogen atoms bounded in H,O
molecules and deuterium atoms bounded in D,0 mol-
ecules in the thermal energy range at temperature of
293 K.

The MCNP5.1.2 computer code is run in the
KCODE mode and the same initial neutron source
originating in each of the fuel element of the core
(KSRC option), for 5000 neutron histories in each of
the 1000 active cycles, after the initial 200 cycles. The
neutron effective multiplication factor of the system is
determined as 1.00120 + 0.00032 for the experimen-
tally determined critical level of heavy water (tab. 1).

The simplified model of the RB 39/1978 core in
3-D geometry, together with the 3-D model of the
ENC, is used in additional calculations done by the
KENO V.a [23] computer code, based on the Monte
Carlo method from the SCALE package, version 4.4a
[24]. The horizontal cross-section of the 3-D simpli-
fied model for the RB 39/1978 core with the ENC, ata
height of 40 cm, generated by the KENO V.a computer
code, is shown in fig. 5. These KENO V.a computer
code calculations have also been run at four Intel
i7-processor Toshiba Satellite laptop A660, with a
64-bit Windows 7 Home Premium OS.

Air

ENC box with
HEU fuel slugs

Figure 5. Horizontal cross-section of the 3-D model of RB
39/1978 core with ENC in KENO V.a code

The standard broad-structure 44-group SCALE
4.4a neutron cross-section library [25] for natural oc-
curring materials (based on ENDF/B-V) has been
modified. Neutron cross-sections generated by using
the multi-region option of the CSAS2 module [26] in
the SCALE package ignore lattice geometry effects.
Because of this, KENO V.a computer code calcula-
tions are based on the VEGAKENO [27] computer
module. The VEGAKENO module is used for com-
puting neutron effective cross-sections of a pseudo
moderator in equivalent homogeneous media, repre-
senting the heterogencous problem and NITAWL
computer code [28] treatment of nuclide cross-section
resonance self-shielding in the said homogeneous me-
dia. This computation approach was already applied
and explained in LEU-MET-THERM-002 [5]. As itis
already mentioned, all materials used in the 3-D sim-
plified model are assumed at a temperature of 293 K,
except heavy water atom densities that are determined
at a temperature of 21 °C.

The KENO V.a computer code is run for 5000
neutrons in each of the 2000 generations. The neutron
effective multiplication factor of the system is deter-
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mined as 0.99694 + 0.00023 (see tab. 1) for the experi-
mentally determined critical level of heavy water
103.65 £ 0.01 cm at temperature 7 = 21 °C. It was
shown that the neutron effective multiplication factor
is weakly dependent on a (reasonable) selection of the
neutron number (from 1000 to 5000) in each genera-
tion and the number of generation (from 650 to 2000)
in KENO V.a computer code.

In addition to mentioned neutron group cross-sec-
tion corrections, done by NITAWL and VEGOKENO
computer codes, are important in precise criticality bench-
mark calculations, where all possible uncertainties and er-
rors have to be minimised or avoided. The KENO V.a
computer code is also run without these corrections, e. g.
with the SCALE original 44 group neutron cross-sections
and nuclide compositions of materials from the MCNP
code. These KENO V.a calculations are done for the same
number neutron generations (2000) and neutrons per each
generation (5000), at determined critical heavy water level
and temperature. The value of the neutron effective multi-
plication factor is obtained as 0.98842 + 0.00022. The
achieved result (also presented in tab. 1) is not acceptable
in benchmark criticality evaluations, because it is outside
the 1% of experimental kg

The KENO V.a computer code is also run, with
the same OS/hardware and under the same conditions
for the number of neutrons and number of generations,
without the ENC modelled, i. e., for the RB 39/1978
core alone, at a critical level of heavy water and temper-
ature of 21 °C. The neutron effective multiplication fac-
tor of the system is determined as 0.99287 + 0.00022
(seetab. 1). It can, thus, be concluded that the contribu-
tion of the ENC to the criticality of the completely cou-
pled system is, as mentioned above, very small:
0.00407 = Ak, i. e., 0.41 £ 0.03% kg

Overview and discussion

The Vinca Institute has had various and nu-
merous experiences with the MCNP5 computer
code and SCALE package in complex research reac-
tor systems, e. g. [29]. It can be concluded that these
criticality results, summarized in tab. 1, obtained by
MCNPS5 and KENO V.a computer codes for the RB
39/1978 core, confirm that the proposed 3-D simpli-
fied model ofthe RB 39/1978 core can be selected as
a new criticality benchmark. All geometric and ma-
terial data of the core are known, with satisfactory
uncertainty and computation results obtained by
two independent criticality computer codes, based
on the Monte Carlo method, in acceptable agree-
ment with the reported experimental result (<1%
ko). Sensitivity studies to various uncertainties in
geometry and material composition for the RB
39/1978 core show that the value of the total com-
bined uncertainty in kg is 0.44%, which is, again,
acceptable according to the ICSBEP.

CONCLUSIONS

The mixed multipart RB 39/1078 core is pre-
sented in all details unnecessary to create a 3-D geom-
etry material simplified model for criticality calcula-
tions carried out by using recent versions of the
MCNPS5 and KENO V.a computer codes. All informa-
tion on experimentally determined criticality for this
RB core is available in RB reactor logbooks, internal
reports and related published papers and has been
evaluated in the generation of the benchmark simpli-
fied model. Using this 3-D model, new criticality cal-
culations with the MCNP and KENOV.a computer
codes with different neutron data libraries, available at
the Vinca Institute, have been done. The results of
these calculations were compared to the ones obtained
carlier with the 20GRAND diffusion computer code
and the experimental value of the critical level of
heavy water. Information on these new calculations
has been presented here and satisfactory results con-
firmed.

The results of these calculations are based on our
newly developed 3-D simplified model of fuel slugs,
fuel assemblies, fuel rods and the entire RB assembly.
In the case of the KENO V.a computer code, verifica-
tion is also done for additional options that include 3-D
geometry model of the ENC. Results confirm that the
selected RB 39/1978 core may be chosen as a new
U-D,0 criticality benchmark, to be used for the vali-
dation of reactor design computer codes and nuclear
data libraries.
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Muaan I1. ITIENITHR

NPELJIOI 3A HOBUM U-D:O0 PE®OEPEHTHU CUCTEM HA
KPUTUYIHOCT: Pb PEAKTOPCKO JE3I'PO 39/1978

Exkcnepumentannu peakrop Pb npojekToBan je 1958. rogiHe Kao KpUTHIHA CUCTEM Ca TOPUBOM
OJ] IPUPOJHOT YPAHUjyM MeTaja y Telkoj Boau. To je 61o npBu HyKIeapHU (PUCUOHK KPUTUYHU CUCTEM Y
WNHcTuTyTy 3a HykieapHe Hayke “Bopuc Kuppwu” (caja “Bmaua”) y OuBmoj Jyrocmasuju. IlpBo
PEaKTOPCKO je3rpo, 6e3 pediekTopa 1 OMOJIOLIKE 3alITUTE 3padeka, (POPMUPAHO je Yy aTyMUHU]YMCKOM
Cyfy, TOCTaBIbEHOM Ha PacTOjamy Off OKO 4 m 0ff OUIIO KOje NOBPIIMHE Y XaJIl peaKTopa, ja 01 ce IMOCTHUrIa
LITO Mama pediiekcuja YMaKIIuX HeyTPOHA Ha3aj y jesrpo. 'opuBo of1 2% o6oraheHor ypaHujym MeTana u
80% oborahenor ypaHI/I]yM fuokcuya (IUCIeproBaHor y alyMUHHJYMY), Y OOJUKY ITO3HATOM Kao car
(“slug”), nabassmeno je y CCCP-y 1960-Te u 1976-Te rogune, pecekTuBHO. Tako3BaHa “yucra” jesrpa
peakTopa Pb, opmupana o ropuBHIX eJleMeHaTa caMo UCTOT TUMA, Kao 1 “MelnaHa’” je3rpa, y Kojuma ce
KOPUCTH FOPUBO PA3IUYUTHX TUIIOBA, MOTY ce (h)OpMUpATH y pellieTKaMa KBaipaTHOT KOpaka, off 7 cm 10
24 cmy Tenkoj Bou. Jearpa 0OMYHO UMajy 1 pafjaliHi peIeKTop Off TEIIKE BOJIE pa3InInuTe [eObIHE.

YeTupu ceta yucror jesrpa (ykynHo 44 KOHq)Mrypaque) cy npuxsaheHu kao pedepeHTHI
cucremn (GeHumapiy) Ha KputudHOCT M yKibyuyeHn y OECD mpojekt 3a Mebynaponuu NPUPYYHAK
€BaJyUpaHuX KPUTUYHUX 6quMapK ekcnepumenara (ICSBEP) mo 2006. ropmre. Memano Jearpo
peakTopa PBb 39/1978 npojekToBano je u popmupano of 31 TOpUBHUX LIUNKHU Off IPUPOAHOT YpaHUjyM
MeTala pacnopebeHMx y pelreTKy Kopaka 8V2 cm y TeIIKOj BOfu 1 off 78 HuUCKo ob6oraheHnx ropuBHUX
eJleMeHaTa O ypaHujyM MeTasa (CBakw ca 1o 9 ciarosa) pacnopeheHnx y pereTky Kopaka 8 cm n 8\2 cm y
Temkoj Boau. OBakBo je3rpo peakropa Pb, cacraBmbeHO W3 Bullle [1eJ10Ba, IPEAIIOKEHO je MPOjeKTy
ICSBEP xao Moryhn HoBu U-D,0O pedepeHTHH cucTeM Ha KPUTHYHOCT. 300r CBOje KOMILIEKCHE
KoH(purypanuje, Koja je popMupana y HeperynapHOJ pemeTKu, H3a6paHo je3rpo je ckopo Hemoryhe
CHMYJTUPATH Yy pauyHapCKUM KOJIOBUMA KOJj! 3aXT€Bajy aKCUjalHy CUMETPU]y WU PErylIapHy PEIIEeTKY y
jesrpy. OBaKkBo je3rpo je 3aTo jefjlaH Moryhu, nu3a3oBaH, pe()epeHTHHU CHCTEM.

Pesynratu, pnobujeHn mnpopadyHMMa Ha KPUTHYHOCT ypabeHUM ca HOBHM Bep3ujama
pauyHapckux kKogoBa MCNP5S u KEVO V.a u ca paznuuutuM GubimoTekama 3a HEyTPOHCKE TNpeceke,
noTBphyjy ma ce mpepmokeHo cinoxkeno jesrpo Pb 39/1978 peaktopa Pb mMoxke mpuxBaTHTH Kao HOBH
U-D,0 pedepeHTHH cucTeM Ha KPUTUYHOCT 33 NOTBpbUBamke UCIPABHOCTU padyHApCKUX Iporpama 3a
AN3ajH peakTopa U BepuduKkaiujy 6uénuoTeka HeyTPOHCKUX NONPEYHUX TpeceKa.

Kwyune pewu: PB kpuiiuunu cucitiem, itieutka 8004, peghepeHitinu cucitiem Ha KpUilu4HOCI




