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a b s t r a c t

A preliminary criticality analysis for novel pyrochemical apparatuses for the reprocessing of mixed
uranium-plutonium nitride spent nuclear fuel from the BREST-OD-300 reactor was performed. High-
temperature processing apparatuses, “metallization” electrolyzer, refinery remelting apparatus,
refining electrolyzer, and “soft” chlorination apparatus are considered in this work. Computational
models of apparatuses for two neutron radiation transport codes (MCU-FR and MCNP) were developed
and calculations for criticality were completed using the Monte Carlo method.

The criticality analysis was performed for different loads of fissile material into the apparatuses
including overloading conditions. Various emergency situations were considered, in particular, those
associated with water ingress into the chamber of the refinery remelting apparatus. It was revealed that
for all the considered computational models nuclear safety rules are satisfied.
© 2022 Korean Nuclear Society, Published by Elsevier Korea LLC. This is an open access article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Since the 1950s, hundreds of nuclear reactors have produced
400 000 metric tons of spent nuclear fuel (SNF) [1]. Efficient SNF
management is an essential component of an economically viable,
safe and proliferation-resistant nuclear fuel cycle solution. One can
find a number of the SNF processing technologies (“PUREX”, hy-
drometallurgical, pyrochemical, plasma-chemical, gas-fluoride,
etc.). Currently, pyrochemical reprocessing is of wide international
interest, since it requires less equipment, makes it possible to
reprocess SNF already in the first year after it is unloaded from the
reactor, and also contributes to the nonproliferation of nuclear
materials [2]. Research and development of this technology is being
carried out in Russia [3e9], the United States of America [10,11], the
Republic of Korea [12,13], Japan [14], India [15] and Europe [16].

In Russia, a combined technology, including principal,
by Elsevier Korea LLC. This is an
pyrochemical and hydrometallurgical conversions, is considered as
the basic option for the reprocessing mixed uranium-plutonium
nitride (MNUP) SNF from the BREST-OD-300 reactor in the
reprocessing module of the experimental demonstration energy
complex (RMEDEC) [8]. The technology is already evaluated on
laboratory scale equipment and demonstration complex design is
currently under development. The simplified reprocessing tech-
nology diagram is presented in Fig. 1.

Previous criticality analysis of similar-scale apparatuses uses
very simplified models: SNF and metal components are repre-
sented as two coaxial cylinders [13]. But real pyrochemical appa-
ratuses participating in the technological chain of the SNF
reprocessing are complex heterogeneous systems and in order to
assess their keff precisely detailed models and certified, verified and
validated neutron radiation transport codes are required.

This study is devoted to a preliminary criticality analysis of
novel, in terms of configuration and technology, pyrochemical ap-
paratuses, which include high-temperature treatment apparatuses,
a “metallization” electrolyzer, refinery remelting apparatus,
refining electrolyser, and “soft” chlorination apparatus of the
open access article under the CC BY-NC-ND license (http://creativecommons.org/
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Fig. 1. MNUP SNF pyrochemical reprocessing diagram.
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RMEDEC. The criticality analysis is carried out for regular operation
loads of fissile material (FM) into the apparatus and for overloading
conditions, i.e. with an increased mass of the FM (such a scenario
may be caused by a failure of the program of the robot that is
loading the FM). In addition, other violations of regular operation
are considered, for example, cooling the installations and forming
the FM spillages in the “metallization” apparatus. For the refining
remelting devices, considering the presence of water cooling of the
chamber shell, the installation is analyzed for emergency scenarios
associated with the ingress of water into the chamber and crucible.

2. Calculation method

Main way to perform criticality analysis is to compute the
effective neutron multiplication factor keff. Russian Nuclear Safety
Rules for Nuclear Fuel Cycle Facilities NP-063-05 [17] states that the
facility is safe if keff <0.95 during regular operation, and keff <0.98
1098
during violations of regular operation. The Monte Carlo Universal
(MCU-FR) [18] and Monte Carlo N-Particle Transport Code (MCNP)
[19] program codes, which are based on the Monte Carlo method,
were used to calculate keff for each of the model apparatuses. The
MCU family codes was developed at the National Research Center
“Kurchatov Institute” to perform calculations of WWERs. Currently
it is used in Russia Federation in solving fission reactors and radi-
ation protection issues [20]. The MCNP family codes are a kind of
standard and are widely used in the world's leading laboratories in
the USA and Europe in international benchmarks. The calculations
using the MCNP codes confirm the reliability of the results ob-
tained, therefore, for each device, a comparative analysis of keff
values according to the MCU-FR and MCNP codes was performed.

The estimated nuclear data based on the JEFF-3.3 library [21]
were used in the MCNP calculations. In the MCU-FR calculations,
built-in estimated neutron data from ROSFOND [22] in the “ace”
format were used (using MDBFR60 block).

3. Description of the calculation models of the apparatuses

Fragments of fuel elements of the MNUP SNF from the central
zone of the BREST-OD-300 reactor with a burnup of 80MWd/kgHM
(with initial enrichment 13.5% [23]) after one year of exposure in a
temporary storage facility (TSF) and 0.5 year of exposure outside
the TSF were sent to the RMEDEC for the reprocessing. The tech-
nological chain of RMEDEC pyrochemical procedure is represented
as a sequence of installations: 1)-2) devices for high-temperature
processing No. 1 and 2; 3) “metallization” apparatus (electro-
lyzer); 4) apparatus for refining remelting; 5) apparatus for elec-
trolytic refining; 6) apparatus for “soft” chlorination [7e9]. The
MCNP and MCU-FR criticality calculations were performed for
these six devices.

3.1. High-temperature processing apparatus

High-temperature processing apparatuses No.1 and 2 (HTP1 and
HTP2) are basic pyrochemical devices designed to remove the light
fission products from fuel element fragments of the MNUP SNF
supplied for pyrochemical processing. HTP1 is a vertical retort
(reactor) integrated into a high-temperature electric resistance
furnace (the furnace is not included in the design model). The
incoming product is loaded into a retort. In the end cover of the
retort, there are gas ducts (not included in the design model) for
purging the internal bulk of the reactor. The gas captures and
removes the formed light fission products (FP) from the apparatus.

Calculations for the criticality of the HTP1 were carried out for
two operating scenarios: “Loading” and “De-nitration”. The geom-
etry of the device model for these scenarios is schematically shown
in the projection of the section along the Oz axis in Fig. 2. For each
operating mode of the HTP1, the assumed SNF loading with a mass
of 30 kg and an increased SNF loading with a mass of 50 kg are
considered. The SNF powder supplying for reprocessing in the HTP1
has a porosity of 60% and is modeled as a homogeneous medium, in
which 60% by volume is gas, and the remaining 40% is the MNUP
SNF with a bulk density of 6.6 g/cm3.

The apparatus of HTP2 is also a vertical retort integrated into a
high-temperature furnace (the furnace is not included in the design
model). The initial product is a powder coming from operation
HTP1. It is loaded for processing into a retort. In the end cover of the
retort, there are gas ducts (not included in the design model) for
purging the internal volume of the reactor with a gas.

Calculations for the criticality of the HTP2 were carried out for
three operating scenarios: “Loading”, “Oxidation” and “Distilla-
tion”. The geometry of the apparatus model for these scenarios is
also schematically shown in the projection along the Oz axis in



Fig. 2. Schematic image of high-temperature processing apparatuses No. 1 and 2 in the
projection along the Oz axis.

Fig. 3a. Schematic image of the “metallization” apparatus
a) section along the Oz axis.
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Fig. 2. “Loading” with filling the retort with gas, “Oxidation” with
filling the retort with a gas mixture and “Distillation” with vacuum
filling. The gas/gas mixture/vacuum volumes depend on the mass
of theMNUP SNF loaded into the retort. For each operating mode of
the HTP2, the design SNF loading with a mass of 31 kg and an
increased SNF loading with a mass of 52 kg are considered.
Increased loading compared to HTP1 is caused by presence of SNF
dust on the retort walls. The SNF powder supplied for reprocessing
in the HTP2 has a porosity of 60% and is modeled as a homogeneous
medium, in which 60% by volume is gas/gas mixture/vacuum, and
the remaining 40% is the SNF without cladding with a bulk density
of 5.6 g/cm3.
Fig. 3b. Schematic image of the “metallization” apparatus
b) top view.
3.2. “Metallization” apparatus

The “metallization” apparatus is a basic pyrochemical apparatus
(electrolyzer) designed for the electrochemical reduction of the
target components (U, Pu, Np, Am and Cm) of the SNF to metal. For
pyrochemical processing this apparatus receives SNF, which un-
dergone compaction (granulation) and oxidation as a result of high-
temperature processing operations. The operating temperature of
the “metallization” electrolyzer is ~900 K. In the course of the
“metallization” process the following procedures are carried out:
reduction of oxides of U, Pu, Np, Am, Cm to metals; removal of
gaseous oxide reduction products, i.e., oxygen is removed from the
operating space of the electrolyzer using an inert gas (Ar) flow;
removal from the flow of target components a part of the fission
products, i.e., alkali and alkaline earth metals in the form of chlo-
rides dissolved in the electrolyte.

A schematic image of the simplified model of an electrolyzer
(section along the Oz axis) and a top view are shown in Fig. 3. A
vertical retort is integrated into the high-temperature furnace (the
furnace is not included in the design model), on the bottom of
which a crucible with an electrolyte (LiCl - Li2O melt) is installed.
The cathode unit includes a cathode, a basket and a current lead.
The basket has a cylindrical shape and is used to load the initial
product - granules of the oxidized SNF. The basket is filled with
granules 90-95%. The anode unit includes a ceramic gas duct, a
ceramic anode and a current lead.

The process of gaseous oxygen release occurs due to the
1099
oxidation of oxide anions from the melt. The released oxygen is
localized and removed from the apparatus with a carrier gas flow
(dry argon). The argon is fed into the common space of the elec-
trolyzer, and the removal of the Arþ O2 gas mixture occurs through
the anode units with the gas outlet from the apparatus through the
upper part of the gas ducts.



Fig. 4a. Distribution of the fission neutron source along the Ox axis for the “metalli-
zation” apparatus with a) maximum loading the cathode basket and with a spillage.
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The SNF granules have a porosity of 40% and are modeled as a
homogeneous medium, in which 40% by volume is electrolyte, and
the remaining 60% are the SNF granules with a bulk density of 2.7 g/
cm3.

The keff calculation is carried out for various scenarios of the
“metallization” apparatus operation which are defined by its me-
chanical design. The apparatus has a perforated cathode basket;
therefore, various cases of spillage of the SNF granules on the
bottom of the crucible are investigated. Three variants of spillage
are studied: height H ¼ 10, 20 and 30 cm (maximum possible
spillage to the level of the cathode basket). A case of spillage
H ¼ 30 cmwas also investigated with an increased electrolyte level
by 16 cm (due to the possibility of its displacement by the spillage).

The models used in the variant calculations of keff of the
“metallization” apparatus are listed in Table 1.

Spillage of the SNF granules at the bottom of the crucible of the
the “metallization” apparatus (especially for the H ¼ 10 cm variant)
can lead to the production of a weakly coupled system [24], since
two remote zones with FP are formed. The weakly coupled systems
are characterized by slow convergence of the calculated func-
tionals, which leads to the need for analyzing the stability and
correctness of fission neutron sources (sets of points at which
neutrons were produced) to check the reliability of the results
obtained.

In this regard, in the calculations using the MCNP code, the
Table 1
Calculated values of the neutron multiplication coefficient keff for all computational mod

Operation scenario of apparatus keff ± 0.000

MCU

Apparatus HTP1, Tcalc ¼ 300/1500 K (depending on the operating mode)

«Loading», МSNF ¼ 30 kg 0.1096
«Loading», МSNF ¼ 50 kg 0.1556
«De-nitration», МSNF ¼ 30 kg 0.1096
«De-nitration», МSNF ¼ 50 kg 0.1558

Apparatus HTP2, Tcalc ¼ 300/1200 K (depending on the operating mode)

«Loading», МSNF ¼ 31 kg 0.1131
«Loading», МSNF ¼ 52 kg 0.1585
«Oxidation», МSNF ¼ 31 kg 0.1130
«Oxidation», МSNF ¼ 52 kg 0.1585
«Distillation», МSNF ¼ 31 kg 0.1134
«Distillation», МSNF ¼ 52 kg 0.1585

“Metallization” apparatus, Tcalc ¼ 900 K

МSNF ¼ 30 kg 0.1271
МSNF ¼ 53.76 kg without spillage 0.1575
With spillage Н ¼ 10 cm 0.1690
With spillage Н ¼ 20 cm 0.2514
With spillage Н ¼ 30 cm 0.3239
With spillage Н ¼ 30 cm, Т calc ¼ 300 К 0.3238
With spillage Н ¼ 30 cm, electrolyte level þ 16 cm 0.3261

Refinery remelting apparatus, Tcalc ¼ 1800 K

МSNF ¼ 50 kg in the shape of a cylinder 0.4881
МSNF ¼ 90 kg in the shape of a ball 0.6356
МSNF ¼ 90 kg, water in crucible 0.6769
МSNF ¼ 90 kg, water in chamber 0.7068
МSNF ¼ 90 kg, water in crucible and chamber 0.7395

Electrolytic refinery apparatus, Tcalc ¼ 900 K

МSNF ¼ 47 kg in the shape of a cylinder 0.4297
МSNF ¼ 90 kg in the shape of a ball 0.6337

“Soft” chlorination apparatus, Tcalc ¼ 900 K

PSNF ¼ 90%, МSNF ¼ 5 kg 0.0566
PSNF ¼ 50%, МSNF ¼ 25 kg 0.2573
PSNF ¼ 30%, МSNF ¼ 35 kg 0.3477
PSNF ¼ 30%, МSNF ¼ 45 kg 0.3636

1100
distributions of fission sources along the Ox axis were obtained and
analyzed for the “metallization” apparatus when the cathode bas-
ket is completely filled with the SNF granules and in the presence of
a spillagewith a level ofH¼ 0,10, 20, and 30 cm. The fission sources
for the “metallization” apparatus with 16.1 million neutron his-
tories are given in Fig. 4. The initial distribution of sources was set
to be homogeneously distributed over the entire volume of the SNF
in the cathode basket and at the bottom of the crucible. The
els of apparatus.

1 (keff_MCNP-keff_MCU)/keff_MCNP, %

MCNP

0.1089 0.6
0.1547 0.6
0.1089 0.7
0.1548 0.7

0.1122 0.7
0.1573 0.8
0.1122 0.7
0.1572 0.8
0.1123 1
0.1573 0.8

0.1263 0.6
0.1567 0.5
0.1688 0.1
0.2511 0.1
0.3240 0.1
0.3241 0.1
0.3264 0.1

0.4686 4.2
0.6293 1
0.7174 5.6
0.7106 0.5
0.7549 2

0.4253 1
0.6278 0.9

0.0561 0.8
0.2551 0.9
0.3444 1
0.3579 1.6



Fig. 4b. Distribution of the fission neutron source along the Ox axis for the “metalli-
zation” apparatus with a) maximum loading the cathode basket and with a spillage
and with a spillage at the bottom of the crucible with a height of 10 cm b).

Fig. 4c. Distribution of the fission neutron source along the Ox axis for the “metalli-
zation” apparatus with a) maximum loading the cathode basket and with a spillage
and with a spillage at the bottom of the crucible with a height of 20 cm c).

Fig. 4d. Distribution of the fission neutron source along the Ox axis for the “metalli-
zation” apparatus with a) maximum loading the cathode basket and with a spillage
and with a spillage at the bottom of the crucible with a height of 30 cm d).

Fig. 5. Schematic image of the refinery remelting apparatus
(projection along the Oz axis).
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methodology for representing the fission source is described in
[24,25].

The obtained distributions of fission neutrons (Fig. 4) have a
symmetric form and do not contradict the distribution of FP in the
system: both zones with FP act as neutron sources. Moreover, even
in the case of maximum spillage (H ¼ 30 cm), the largest contri-
bution to the source is made by the SNF granules located in the
cathode basket of the apparatus. The “dip” in the distribution in the
region corresponding to the central part of the basket is associated
with the presence of a cathode current lead here.

Thus, the analysis of fission sources revealed that the “metalli-
zation” apparatus is not a weakly coupled system that requires
additional analysis of the convergence of the calculated functionals.
It can also be concluded that the maximum contribution to keff is
1101
made by the FP located in the basket, despite the significantly lower
mass compared to the FM located at the bottom of the crucible.
3.3. Refinery remelting apparatus

The refinery remelting apparatus is a basic pyrochemical
apparatus designed to produce a metal alloy based on the target
components of the MNUP SNF reprocessing (U, Pu, Np, Am and Cm)
and “noble” FP (Pd and Ag). The device also removes the target
components of the main part of the rare earth elements and Zr (FP)
in the form of oxides.

A schematic image of the simplified geometry for the model of
the refinery remelting apparatus in the projection along the Oz axis
is presented in Fig. 5. The apparatus is an induction furnace with an
inductor placed in a sealed chamber to create an inert atmosphere
(argon). The camera body has a cylindrical shape and consists of
two shells. Water is supplied to the space between the shells to cool
the body. In an inductor located in the central part of the chamber a
crucible made of BeO with initial products is placed on a concrete
support. The crucible is covered with a lid. The working tempera-
ture of the device is 1800 K. The apparatus is designed to allow
maximum density of the initial product (metal alloy) of 19.2 g/cm3.

The calculation of keff of the refinery remelting apparatus was
carried out for a normal load, MSNF ¼ 50 kg (16% of the crucible
volume), when the target product has the shape of a cylinder, and
for an increased load, MSNF ¼ 90 kg, when the target product is a
ball with a shell of BeO.

The highest keff is reached in a situation when a facility with FM
is flooding with water, which in this case plays the role of a neutron
moderator. As mentioned above, water is supplied to the refinery
remelting apparatus for cooling (in the space between the shells of
the casing), therefore, various scenarios of emergency flooding the
installation were considered for this apparatus:

� a hole in the inner shell of the chamber, water enters the cru-
cible: MSNF ¼ 90 kg, target product in the form of a ball with a
shell of BeO, water in the crucible (Fig. 6a), 300 K;

� a hole in the inner shell of the chamber, water enters the
chamber:MSNF ¼ 90 kg, target product in the form of a ball with
a shell of BeO, water in the chamber (Fig. 6b), 300 K;



Fig. 6a. Various options for flooding the refinery remelting apparatus
a) - water enters the crucible.

Fig. 6c. Various options for flooding the refinery remelting apparatus
c) - water enters the crucible and chamber.
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� a hole in the inner shell of the chamber, water enters the cru-
cible and the chamber: MSNF ¼ 90 kg, the target product in the
form of a ball with a shell of BeO, water in the crucible and
chamber (Fig. 6c), 300 K.

The models used in the criticality calculations for the refinery
remelting apparatus are listed in Table 1.
3.4. Electrolytic refinery apparatus

An electrolytic refinery apparatus is a basic pyrochemical
apparatus designed to purify target components (U, Pu, Np, Am,
and Cm) of the SNF from fission products, i.e., fractions of “noble”
FP. A metal alloy based on target components, obtained after
Fig. 6b. Various options for flooding the refinery remelting apparatus
b) - water enters the chamber.
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refining remelting, is fed to the electrolyzer for pyrochemical
processing.

A schematic image of the simplified geometry of the refining cell
model (projection along the Oz axis) is shown in Fig. 7. The elec-
trolyzer is a vertical retort integrated into a high-temperature
furnace (not included in the model). The retort provides sealing
of the working space of electrolyzer and carrying out electro-
refining at ~800 K in an inert atmosphere of high-purity argon. The
retort lid is used to accommodate and enter into the working space
of the retort anode and cathode current leads (not included in the
design model).

Calculation of keff of the refining electrolyzer is given for normal
operating conditions, i.e., MSNF ¼ 47 kg and the target product has
the shape of a cylinder, as well as for increased loading of fission
Fig. 7. Schematic image of an electrolytic refinery apparatus along the Oz axis.



Fig. 8. Schematic image of the “soft” chlorination apparatus.
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products, i.e. MSNF ¼ 90 kg and the target product is in the shape of
the ball.

3.5. “Soft” chlorination apparatus

The “soft” chlorination apparatus is a basic pyrochemical
apparatus designed to dissolve in the form of chlorides the target
components of the SNF reprocessing (U, Pu, Np, Am, and Cm)
contained in the anode deposit. The apparatus receives the “anode
deposit” for pyrochemical processing after the electrolytic refining.
SNF is a porous metal alloy of “noble” FP and target components.
The initial product of the “soft” chlorination operation has a
porosity of 90% vol. and a bulk density of 1.9 g/cm3.

A schematic image of the “soft” chlorination apparatus model
(projection along the Oz axis) is shown in Fig. 8. The apparatus is
integrated into a resistance furnace (the furnace is not included in
the model) and in a steel retort, in which a crucible with chloride
melt is placed. In the lid of the retort, a basket is fixed with a sus-
pension, into which the original product for processing is loaded.
The mass of the initial product is 5 kg, which occupies the inner
volume of the basket by 80%. The operating temperature of the
apparatus is 800e900 K.

The calculation of keff was carried out for various operation
scenarios of the “soft” chlorination apparatus. The considered
models are listed in Table 1 and differ in the setting of the porosity
of the SNF (PSNF) and, as a consequence, the MSNF.

4. Calculation results

The calculated values of the neutron multiplication coefficients
keff for all model apparatuses are given in Table 1. For HTP1 and
HTP2 keff is determined to a great extent by the SNF mass, and not
by the composition of the gas mixture inside the retort. An increase
in the mass of the single SNF load in this case by a factor of 1.7 leads
to a rise in the keff value by the factor of 1.4. According to the safety
rules, such an increase in the SNF loading is allowed for HTP1 and
HTP2 (keff < 0.95).

For the “metallization” apparatus the maximum possible
spillage (30 cm) of the SNF granules leads to a twofold increase in
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keff. The operating temperature of the apparatus has no significant
effect on keff. An increase in the electrolyte level in the crucible due
to its displacement by the SNF granules spillage results in the rise in
the keff value by less than 1%. According to the safety rules, an in-
crease of the SNF loading by a factor of 1.7 for the “metallization”
apparatus is allowed, even in cases of granules spillage on the
bottom of the crucible (keff < 0.95).

For a refinery remelting apparatus, an increase of the SNF load
mass by a factor of 1.8 leads to an increase in keff by a factor of 1.3.
The spherical shape of the target product in a shell of beryllium
oxide does not lead to keff ¼ 0.95. The “safest” scenario for flooding
the refinery remelting apparatus is an emergency whenwater only
enters the crucible; in this case, keff increases by a factor of 1.1. The
most “dangerous” scenario for the flooding of the refining remelt-
ing apparatus is an emergency when water is in both the crucible
and the chamber, in which case keff increases by 1.2 times. Ac-
cording to the safety rules, the increase in the SNF loading for a
refinery remelting apparatus is allowed (keff < 0.95).

For the electrolytic refinery apparatus, an increase of SNF load
mass by a factor of 1.9 leads to an increase in the keff value by a
factor of 1.5; the spherical shape of the target product does not lead
to keff ¼ 0.95. According to the safety rules, the increase in the SNF
loading for the electrolytic refinery apparatus is allowed (keff <
0.95).

For the “soft” chlorination apparatus, the five-fold increase in
the mass of the single SNF loading leads to an increase in the keff
value by a factor of 4.5. A seven-fold increase in the mass of the
single SNF load leads to the 6-fold increase in the keff value. An
increase in the mass of the single SNF load by a factor of 9 leads to
the rise in the keff value by a factor of 6.5. According to the safety
rules, an increase in the SNF load by the factor of 9 for an electro-
lytic refinery apparatus is allowed (keff < 0.95).

Comparison of the calculation results obtained using the MCU-
FR code with the results obtained using the MCNP standard code
make it possible to conclude that for electrolytic refining, the
“metallization”, HTP1and HTP2, the differences in keff are less than
1%; for the refinery remelting apparatus, the difference keff is 6%; for
the apparatus of “soft” chlorination, the difference keff is less than
2%. The obtained differences of keff may be due to the use of
different nuclear databases.

It should be noted that MCNP calculations were performed with
different pseudorandom seed to control calculation convergence.
This is configured using dbcn card [19]. Calculation results give the
same keff for different pseudorandom seed, which indicates that it is
correct.

For “metallization” apparatus with spillage H ¼ 30 cm two
additional calculations with simplified geometry were performed:
with Godiva-like and cylindrical geometry. SNF and metal mass are
preserved the same. Following results were obtained:

� keff ¼ 0.59 for Godiva-like geometry;
� keff ¼ 0.47 for cylindrical geometry.

Comparing this to keff¼ 0.32 for detailedmodel (see Table 1) one
can see that keff is overestimated for simplified models.

5. Conclusions

Within the existing technological scheme of pyrochemical
processing of the RMEDEC for the reprocessing the MNUP SNF of
the BREST-OD-300 reactor, a criticality analysis of novel pyro-
chemical apparatuses was performed: high-temperature process-
ing apparatus, the “metallization” apparatus, the refinery remelting
apparatus, the refining electrolyzer and the “soft” chlorination
apparatus. For this purpose, computational models were developed
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for all apparatuses using the MNUP SNF loading rate and increased
loading. Calculations for criticality were performed using the
Monte Carlo method via the MCU-FR and MCNP codes. Based on
criticality analysis, the following conclusions were made:

1) all the considered apparatuses are safe both during regular
operation using the rate of loading of fissile materials, and when
deviating from the conditions of regular operation, i.e., with a
possible increase in the mass of a single load of fissile materials
by a factor of 1.6;

2) the “metallization” apparatus is safe in the presence of signifi-
cant spillages of the spent nuclear fuel granules (up to the level
of the cathode basket);

3) the most significant data related to keff were obtained for the
refinery remelting apparatus in the version of themodel with an
increased load and the presence of water in the apparatus;

4) the “soft” chlorination apparatus is safe if it deviates from the
conditions of normal operation, i.e., with a possible increase in
the mass of a single charge of fissile materials by nine times.

For all the considered computational models of the SNF pyro-
chemical reprocessing apparatuses the neutron multiplication
factor keff < 0.95.

In continuation of our work, we suggest to expand the study of
the “metallization” apparatus regarding nuclear weapons to
consider emergency scenarios, for example, those associated with
flooding; to study the dynamic distribution of the SNF during
electrolysis, when the SNF has the composition of the target
product (final composition) and intermediate composition;
consider the inhomogeneous spillage of the spent nuclear fuel
pellets at the bottom of the crucible and analyze the looseness of
such a system.
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