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This work represents results of the second stage of a complex research to substantiate the principal possibility of managing
spent fuel after short-term cooling and developing requirements for the design of the package. Calculations for the
radiation protection have been completed, the nuclear safety has been justified, and the relevant accompanying neutron-
physical processes have been studied. In the first stage of the research, calculations were performed to assess the level of
heat generation and radiation characteristics of the spent nuclear fuel after a short-term cooling period, as well as thermal
calculations of the package.

As a result, technical feasibility of using a transport container for spent nuclear fuel has been substantiated. The most
acceptable option of a container for spent nuclear fuel is to be made of iron-concrete + uranium dioxide and cast iron +
uranium dioxide with gas filling or with liquid filling of the absorber in a basket.

MCNP code was used to justify radiation protection and nuclear safety under normal and emergency operating conditions,
and neutron-physical processes accompanying spent nuclear fuel were studied. The work examined several options for

materials for radiation protection, depending on their thickness and the fill of the spent nuclear fuel container.

Keywords: nuclear fuel, nuclear fuel cycle, nuclear safety, spent fuel container, nuclear reactor.

INTRODUCTION

At the nationwide referendum held on October 6,
2024, the population of the Republic of Kazakhstan con-
fidently supported the course towards the construction of
a nuclear power plant in Kazakhstan, marking a signifi-
cant milestone in the transition to a new practical phase
of developing its own nuclear energy sector. Currently, a
systematic concept for the development of the nuclear en-
ergy industry is being elaborated [1], which takes into ac-
count all aspects related to the project of construction,
operation, and decommissioning of the future nuclear
power plant without exception. The management of spent
nuclear fuel and radioactive waste is one of the key as-
pects of this concept and generally corresponding to na-
tional strategy of the Republic of Kazakhstan.

The nuclear fuel cycle is a chain of interconnected
technological processes, and one of its final stages is the
management of spent nuclear fuel (SNF). At this stage,
an important aspect of ensuring safety when handling
spent nuclear fuel is reducing the risk of nuclear materials
becoming uncontrolled and further spreading. One way
to lower the risk level may be to shorten the list of pro-
cesses in the operational chain and their duration. Most
operations related to spent nuclear fuel cannot be techni-
cally bypassed. However, excluding the operation of pro-
longed storage of fuel in the spent fuel pool is quite prom-
ising for consideration in the management of SNF. With
this approach, spent nuclear fuel (SNF) can be placed into
specialized transport packaging units (TPUs) after a short
holding period in the active zone of the stopped reactor
or in a special storage pool, and then sent to a repro-
cessing plant or a temporary storage location [2].

The container for transporting spent nuclear fuel is
key equipment in this scheme for handling spent fuel, and
the conceptual design of the TPU must ensure safe ther-
mal conditions, nuclear and radiation safety, protection
from radiation, preservation of radioactive materials, and
integrity and tightness even after serious accidents and
incidents [3, 4]. The thermal analysis research was con-
ducted in the first stage of the comprehensive work and
it was the basis for farther investigations conducted in
this article.

SOURCE DATA, APPROACHES, AND ASSUMPTIONS

The developed Transport Package (TP) in accordance
with document [5] is classified as type B (U)F package,
as well as according to the National Regulations [6—8] —
as type B, class I for nuclear safety, category III for radi-
ation hazard.

In this work, the calculations of nuclear safety and the
calculation of the distribution of the effective dose rate of
photon radiation were carried out by using the MCNP cal-
culation code for the three-dimensional geometry of the TP.

Whereas the tank-type water-cooled nuclear reactor
on thermal neutrons is a main item of worldwide nuclear
generation, also considering prospects of possibly NPP
construction with this type of reactors in the Republic of
Kazakhstan, for further consideration shall be accepted
that the TP will be use in aims of high powered ABWR,
AR1000, VVER-1000 type reactor’s fuel assemblies
transportation issues.

As a working fluid, filling TP was considered to use
water or gas (helium, argon, CO,). On the table 1 are
shown the total initial findings on structures of being
modelling fuel assemblies for various type reactors and
SNF radiation characteristics.
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Table 1. Characteristics of Spent Nuclear Fuel
Used in TP Modeling

L Parameters
Characteristics

ABWR AP1000 | VVER-1000

Sintered Sintered Sintered
Nuclear fuel material uranium uranium uranium

dioxide dioxide dioxide
Length of fuel assembly (full), mm 4470 4795 3837
Lattice type (geometry of fuel rod 10x10 17x17 .

’ triangle

arrangement in fuel assembly) (square) (square)
Fuel assembly number in the core 872 157 163
Fuel elements number in the FA 92 264 311
Fuel elements shell material Zircaloy-2 ZIRLO Zr+Nb alloy
Shell material thickness, mm 0.66 0.57 0.67
Fuel element outer diameter, mm 10.3 9.5 9.1
One piece FA weight 3000 | 7997 680.0
(cover including), kg
Intensity of gamma radiation
sources of fission products, 5.09-101 | 7.79-10* 8.36-10™
photon/seconds-kgU
Intensity of neutron radiation 06 06 06
sources, neutron/seconds-kgU 30710 18710 23410

RADIATION PROTECTION CALCULATIONS

Analysis of the TP radiation protection is performed
by usage of SNF radiation characteristics for various time
of handling considering gamma radiation fission prod-
ucts, SNF neutron radiation, activate nuclides gamma-ra-
diation in the FA structural steel.

The analysis of radiation safety was carried out in the
following scenarios:

— For normal operating conditions: loading of SFAs
from the reactors under gas and liquid medium condi-
tions.

— For emergency conditions: SFA is damaged and
compacted against one of the internal surfaces (side, bot-
tom, lid); there are two proposed variants of concrete pro-
tection: 100 mm depth concrete dehydration (emergency
situation in the case of TP appearance in fire zone).

The calculation of the shielding was based on the con-
straints of the container's mass (no more than 130 tons),
dimensions (external diameter no more than 250 cm),
and the equivalent dose rate of radiation on the surface of
the TP (not exceeding 2.0 mSv/h).

The following shielding layers were considered in
this calculation (consequently throughout the radius):

1. Aluminum basket (with a neutron-absorbing ma-
terial or it may be absent);

2. Steel (for the structural integrity of the container);

3. Shielding layer based on reinforced concrete or
high-strength cast iron (with the addition of depleted ura-
nium oxide (30% by volume), lead (as a flat layer, 50%
of the shielding volume), gadolinium oxide (10% by vol-
ume), boron carbide (10% by volume);

4. Outer shell made of steel.

Radiation protection calculations under normal

operating conditions

Radiation protection calculations under normal oper-
ating conditions were conducted for various numbers of
SFAs, with the container filled with either water or gas,
and for different options of protective layers, where the
thicknesses of the layers were selected based on the lim-
itations for the equivalent dose rate of radiation at the sur-
face of the container (not exceeding 2.0 mSv/h). Further-
more, the mass and dimensional characteristics of the
container were evaluated to eliminate variants that did
not meet the design restrictions in terms of mass (not
more than 130 tons) and dimensions (outer diameter not
more than 250 cm).

When evaluating the loading of the container filled
with water, limitations arising from the analysis of neu-
tron-physical calculation results were also taken into ac-
count, as for some options, the dose rate from neutron
radiation could not be calculated due to criticality con-
cerns.

Calculation results

The results of the calculations pertaining to the SFA
container loading of different SFA of the reactor, along
with the mass and dimensional characteristics of the con-
tainer when using shielding made of different materials,
are presented in Table 2..

Neutron protection

In order to reduce the dose from neutron radiation
during gas filling of the container cavity, the influence of
different variants of the neutron shielding arrangement in
the container structure on the neutron flux attenuation
was evaluated. The variants consider a cast iron canister
with DUO, additive filled with spent fuel assembly from
VVER-1000 reactor.

The initial variant the influence of the presence of a
boron carbide spacer grid (1 cm thick) surrounding all
SFAs of the container is considered. In the second and
third variants, the influence of adding gadolinium oxide
and DUO; to the cast iron shielding — 1% and 10% of the
shielding volume, respectively — was considered. The re-
sults of the comparison of the design variants with such
baskets and with additives are given in Table 3.

Conclusions for the assessment of radiation

protection under normal operating conditions

The contribution of neutron and gamma radiation to
the formation of the dose rate at the container surface de-
pends significantly on the type of protection used. For
example, if reinforced concrete-based protection is used,
the main contribution is from gamma radiation (the dose
rate from neutron radiation is 1-3 orders of magnitude
lower). Moreover, when using protection based on cast
iron, the gamma radiation dose rate is 3—10 times lower
than the neutron dose rate.
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Table 2. Results of calculating the mass and size characteristics of the TP for protection made of reinforced concrete

Cooling/Reactor SFA Q-ty Inner radlus, Con_tainment TP mass, t, Surface dose rate, mSvh
cm thickness y-quants | neutrons [ total
Reinforced concrete protection (p=4 glcm3)

ABWR 9 40 80 100 2.02 4.40-10-3 2.02

Gas AP1000 4 40 85 104 1.32 1.67-10-3 1.32
VVVER-1000 3 40 85 103 2.04 2.06-10-3 2.04

ABWR 8 40 80 103 1.04 3.08:102 1.07

Water AP1000 4 40 80 97 1.68 1.3410-2 1.69
VVER-1000 4 45 80 103 1.37 1.5310-2 1.39

Reinforced concrete protection with the addition of DUO: (50% by volume, p=7.2 g/cm?)

ABWR 37 70 45 112 0.90 0.17 1.07

Gas AP1000 21 80 45 129 1.47 0.13 1.60
VVVER-1000 9 70 45 107 1.90 1.11 2.01

ABWR 25 70 45 116 0.52 0.20 0.72

Water AP1000 12 75 45 125 0.77 0.21 0.98
VVER-1000 8 70 45 114 0.45 0.13 0.58

Cast iron containment (p=7.2 g/cm?)

ABWR 21 55 60 130 5.25:10-2 1.68 1.74

Gas AP1000 9 60 55 124 0.33 1.67 2.00
VVER-1000 7 60 55 122 0.42 1.61 2.02

ABWR 21 70 50 130 0.43 0.62 1.05

Water AP1000 5 55 50 106 0.55 0.97 1.52
VVVER-1000 8 70 50 130 0.50 0.60 1.10

Cast iron cladding with the addition of DUO: (50% by volume, p=8.8 glcm3)

ABWR 37 70 45 130 5.84:10-2 1.65 1.71

Gas AP1000 13 75 40 121 0.59 1.59 2.18
VVER-1000 9 70 45 128 9.96-10-2 0.99 1.09

ABWR 21 65 35 97 1.50 0.37 1.87

Water AP1000 9 65 45 129 4.93-102 1.29 1.34
VVVER-1000 8 70 40 118 0.22 0.86 1.08

Table 3. Results of neutron shielding evaluation - basket containing boron carbide
Additive SFA g-ty Inner radius, cm C;)I:l_tamment TP mass, ton Surface dose rate, mSvih

ickness y-quants neutrons total

Without spacer grid 3 50 40 83 0.59 0.98 1.57
With spacer grid 3 50 40 83 0.59 0.97 1.56
Without Gd203 7 60 40 98 0.85 1.80 2.65
1% Gd203 7 60 40 98 0.85 1.70 2.54
10% Gd203 7 60 40 98 0.85 1.51 2.36

Analysis of the results of the evaluation of the ap-
plicability of different variants of neutron protection for
gas filling of the container cavity shows that their influ-
ence on the dose rate of neutron radiation on the container
surface is negligible. This is explained by the large pro-
portion of high energy neutrons in the radiation spectrum
of the sources, while the considered neutron shielding
materials are capable of absorbing low-energy neutrons
well.

Calculation of radiation protection in case of

emergency

Calculations of the radiation protection of TP under
emergency conditions were carried out for the following
situations:

1. The SFAs are destroyed and compacted on one of
the inner surfaces (side, bottom, or top);

2. Dehydration of the concrete shielding due to the
effect of high temperature.

In the first situation, it is assumed that 10% of the fuel
will escape from the SFA cladding and would be com-
pacted in the lower part of the container. The broken fuel
is modelled as a homogeneous mixture of uranium diox-
ide and air (or water) with a porosity ranging from 40%
(sand porosity) to 70% (undamaged fuel porosity).

In the second situation, it is assumed that if the con-
crete protected TP is placed in a fire zone with a flame
temperature of 800 °C for 30 minutes, it is possible to de-
hydrate the concrete to a depth of 100 mm.

Fuel destruction dose rate estimation

The results of the dose rate estimation on the surface
of the cask at points located in the plane passing through
the center of the destroyed fuel volume at different po-
rosities of the compacted fuel are given in Table 4.
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For the example, a reinforced concrete gas-cooled con-
tainer with 9 SFAs of ABWR and a wall thickness of
80 cm is considered.

Table 4. Results of the dose rate calculations for the case
of the destruction of the fuel element

. Surface dose rate, mSv/h
Porosity %

y-quants neutrons total

Intact 2.02 4.40-10-3 2.02
70 1.41 3.08-103 142

60 1.88 411103 1.89

50 2.35 5.14-10-3 2.36

40 2.83 6.17-103 2.83

Concrete dewatering dose rate estimation

The results of the dose rate estimation on the con-
tainer surface at points located at the center of its height
during wall dehydration are given in Table 5. For the ex-
ample, a reinforced concrete gas-cooled container with 3
SFAs of the VVER-1000 reactor with a wall thickness of
85 cm is considered.

Table 5. Results of the dose rate calculations for the case
of concrete dehydration

Dehydration Surface dose rate, mSv/h
depth, cm y-quants neutrons total
0 2.04 2.06-10-3 2.05
5 2.05 4811038 2.05
10 2.05 1.12:10-2 2.07
20 2.06 6.08-102 2.13

Conclusions on the assessment of radiation

protection in emergencies

From the results of the evaluation of the dependence
of the dose rate on the surface of the container on the de-
gree of fuel compaction, it can be seen that the dose rate
increases with increasing density of the destroyed fuel.
However, even for the variant with the highest fuel den-
sity, the excess of the design value of the dose rate on the
surface of the container will not exceed 41%. Which, tak-
ing into account the application of the reserve factor 2 in
the assessment of the thickness of the radiation shielding,
indicates that the severity of such an accident for the per-
sonnel and the public is insignificant and that there is no
need to take any protective measures.

From the results of the evaluation of the dependence
of the dose rate at the surface of the container on the

thickness of the dehydrated layer: dewatering has the
greatest effect on the dose rate from neutron radiation,
which increases by a factor of 6 when the shielding is de-
watered to a depth of 10 cm. However, as the neutron
dose rate is several orders of magnitude lower than the
photon dose rate. There is no significant increase in the
total dose rate — even if the shielding is dewatered to a
depth of 20 cm, the excess of the design value of the dose
rate at the surface of the canister will be no more than
7%, which is less than the calculation error.

RESTRICTIONS ON CONTAINER DESIGN

The results of the assessments of the mass and dimen-
sional characteristics of casks with different shielding op-
tions and their SFA loading under the assumed con-
straints on container mass, outside diameter and surface
dose rate are summarized in Table 6.

NUCLEAR CALCULATIONS

The nuclear safety of TP is analyzed taking into ac-
count the regulatory requirements specified in [6—11], us-
ing the initial data on the spent fuel of the reactors under
consideration, collected or evaluated in the previous
stage of the topic.

The main task of the calculations for normal operat-
ing conditions is to determine the maximum load on the
spent fuel of the reactors under consideration under dif-
ferent cooling options. The main constraints are the size
of the inner cavity of the package (assumed diameter not
exceeding 200 cm) and the subcriticality of the system
(Keff <0.95).

The objectives of the accident calculations are to an-
alyze the cask designs in terms of their suitability to
maintain subcriticality in the event of an emergency and,
based on this analysis, to develop design recommenda-
tions.

The following are considered as emergency situations
the inner cavity of the vessel contains residual water after
dehydration (or water enters and replaces the gas), the
SFAs are not destroyed; residual water in the inner cavity
of the container after dehydration (or water ingress re-
placing the gas), the SFAs are destroyed.

Figures 1-3 show the calculation diagrams of the
VVER-1000, ABWR and AP1000 reactor assemblies
used in the neutron physics calculations.

Table 6. Limitations on SFA loading in TPs of different reactors for different shielding options

. SFA g-ty . Shieldin
Option ABWR | AP1000 VVER-1000 Inner radius, cm thicknesg TP mass, ton
Gas cooling
RIC 9 4 3 40 85 104
RIC+DUO, 37 21 9 80 45 129
Cast iron 21 9 7 60 60 130
Cast iron+DUQ, 37 13 9 75 45 130
Liquid cooling
RIC 8 4 4 45 80 103
RIC+DUO, 25 12 8 75 45 125
Cast iron 21 5 8 70 50 130
Cast iron+DUOQ, 21 9 8 65 45 129
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Figure 1.5 Computational model of Fuel assembly
for VVER-1000
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Figure 2. Computational model of Fuel assembly for ABWR
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Figure 3. Computational model of Fuel assembly for AP1000

Each fuel assembly was placed in a separate basket
cover made of aluminium (or MBLOS5 alloy in some de-
signs) with a wall thickness of 1 cm. A continuous layer
of steel was used as a reflector.

Neutron-physical calculations under normal

operating conditions

Calculations of the nuclear safety of the TPs under
normal operating conditions were carried out with the

container filled with gas or liquid medium. The tempera-
ture of all areas of the TPs was set to 20 °C

Calculation results

The results of the K¢ calculations for a container with
5 SFAs under normal operating conditions using differ-
ent materials to fill the inner cavity are shown in Table 7.

Table 7. Results of Ko calculations for a container
with five SFAs under normal operating conditions
with different moderators

Moderator Ken
VVER-1000 ABWR AP1000
Water 0.92431+0.0005 | 0.79901+0.0005 | 0.96055+0.0006
Argon 0.20452+0.0005 | 0.48602+0.0006 | 0.22303+0.0006
Helium 0.20292+0.0005 | 0.48573+0.0006 | 0.23360+0.0004
Carbon dioxide | 0.20456+0.0005 | 0.48641+0.0005 | 0.23327+0.0004

In the case of gas cooling the influence of the inner
medium material on the criticality is insignificant and
therefore only helium was used in further calculations.

The SFA container loading was then evaluated for
different coolant types and SFA locations. The loading
was calculated on the basis of restrictions on container
size (the inner diameter was assumed not to exceed
200 cm) and criticality (Ke<0.95).

When calculating the container loading of SFAs from
different reactors under gas cooling, the assemblies were
arranged in a square, densely packed grid. Examples of
calculation schemes for the cases of maximum cask load-
ing (%4 species) are shown in Figures 4-6.
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Figure 4. Computational model of gas-cooled fuel assembly
container for ABWR

/

Figure 5. Computational model of gas-cooled fuel assembly
container for AP1000
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Figure 6.6 Computational model of gas-cooled fuel assembly
container for VVER-1000

The results of the calculation of the SFA container
loading of the different reactors with gas cooling are
shown in Figure 7.
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Figure 7: Criticality as a function of SFA loading
during gas cooling

In the case of filling the container with water in addi-
tion to the above densely packed grid of SFA container
loading, we also considered the possibility of arranging
the assemblies in a square sparse grid (staggered). An ex-
ample of the calculation scheme for the case of maximum
container loading (% view) with AP1000 assemblies is
shown in Figure 8.

Figure 8. Computational model of a container for AP1000 FA
arranged in a sparse grid with water cooling.

The results of the water-cooled container loading cal-

culation are shown in Figure 9 and 10.

In addition, for the case of water cooling, a variant of
assembly arrangement on a square densely packed grid in
a basket made of MBLO5 alloy was studied. This material
is an alloy of aluminum with boron carbide (5%) with
natural '°B enrichment. The results of the calculation of

the SFA loading of different reactor for this variant are
shown in Figure 11.
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Figure 97. Criticality as a function of SFA loading during
water cooling (dense grid)
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Figure 10. Criticality as a function of SFA loading during
water cooling (sparse checkered grid)
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Figure 11. Criticality as a function of SFA load with water
cooling (densely packed grid, MBLOS alloy basket)

Conclusions on nuclear safety in normal

operation

The lowest criticality is achieved by filling the inner
cavity of the TP with gases, and the difference in critical-
ity for different gases is minimal.

When the container is filled with gas, the main limit-
ing factor for SFA loading is the size of the inner cavity,
and when the container is filled with liquid, it is the loca-
tion of the SFAs and the material of the basket.

With liquid filling of the container cavity, the lowest
loading is achieved by arranging the SFAs in a dense lat-
tice without neutron-absorbing basket material.
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For both gas and liquid coolings, the lowest criticality
level and consequently the highest loading is observed
for ABWR SFAs, while the highest is observed for
AP1000 SFAs. This is due to both the lower fuel mass in
the ABWR SFA and the lower enrichment.

Neutron Physics Calculations under Emergency

Conditions

Calculations of the nuclear safety of fuel assemblies
under emergency conditions have been performed for the
following situations:

1. Filling the container with a steam-water mixture
(insufficient drying of the SFAs during loading into a
gas-cooled container; leakage in a container and partial
replacement of the gas medium by water; leakage of a
liquid-cooled container and partial release of liquid to the
outside);

2. Destruction of the SFAs and fuel compaction in
water or gas medium.

In the first situation, the case of filling the tank with a
vapour-water mixture is considered and the influence of
the water content in the mixture on the K value is eval-
uated. As an example, containers are considered with
nine SFAs of each fuel type arranged in a tightly packed
grid in an aluminum or MBLO5 basket. The vapour-water
mixture is modelled with water of different densities:
25%., 50% and 75%.

In the second situation, it is assumed that in the event
of a container collapse accident (when the SFAs are sub-
jected to shock overloads), 10% of the fuel will escape
from SFAs cladding and clump at the bottom of the con-
tainer. This assumption is very conservative as the fuel
yield estimate given in [12] showed that although up to
5% of the fuel cladding may be destroyed at this load,
only 0.04% of the SFA fuel will leave the destroyed clad-
ding. In the modelling the destroyed fuel is assumed to
be a homogeneous mixture of uranium dioxide and air (or
water), with the porosity of the mixture varying from
40% (sand porosity) to 70% (undestroyed fuel porosity).

Calculation results

The results of the criticality calculation of a container
filled with a steam-water mixture with nine SFAs of dif-
ferent reactors arranged in a square densely packed grid
in an aluminum or MBLO5 basket are shown in Figures
12 and 13.
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Figure 12. Criticality as function of water density
(aluminum basket)
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Figure 13. Criticality as function of water density
(MBLO5 alloy basket)

Evaluation of fuel destruction-criticality

dependency

The results of the dependence of the criticality of a
cask with SFAs from different reactors at 10% fuel de-
struction on the porosity of the packed fuel are given in
Table 8.

Table 8. Dependence of criticality on the porosity

of the packed fuel
Porosity, % ABWR AP1000 VVER-1000
(37 SFAs) (12 SFAs) (8 SFAs)
Intact 0.86262 0.95173 0.94175
60 0.84752 0.94946 0.93658
50 0.84417 0.94503 0.93987
40 0.84636 0.94379 0.93701

Conclusions on nuclear safety in emergency

situations

The results of the evaluation of the influence of the
filling of the container cavity with the steam-water mix-
ture on the criticality for different basket materials are
different. For example, the K+ value for SFAs in the
MBLOS5 alloy basket increases monotonically with in-
creasing density of the vapour-water mixture. Whereas
for the aluminum basket, in addition to large K values,
a small maximum is observed for SFAs of VVER-1000
and AP1000 reactors at a density of the steam-water mix-
ture of about 0.5 g/cm?>. All this indicates a lower level of
nuclear safety of vessels with aluminum baskets and a
preference for the use of baskets made of neutron-absorb-
ing materials.

The results of the evaluation of the dependence of the
criticality on the degree of compaction of the destroyed
fuel show that there is no influence of the destroyed fuel
on the criticality. Moreover, a slight decrease in the Kegr
values for cases with destroyed fuel compared with intact
fuel is explained by the loss of 10% of the uranium diox-
ide mass in the fuel elements.

The results of the assessments of SFA loading with
restriction to criticality level are given in Table 9.
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Table 9. Restrictions on the loading of SFAs from different reactors into TPs from a nuclear safety point of view

) SFAs g-ty
Options
ABWR AP1000 VVER-1000
Gas cooling 89 57 37
Water cooling (dense grid without neutron absorbers) 3 1 3
Water cooling (sparse grid without neutron absorbers) 45 12 21
Water cooling (dense grid with neutron absorbers) 57 21 15

Table 10. Recommended parameters of containers loaded with spent fuel assemblies from different type of reactors
for different protection and cooling methods

Options SFAs gty Inner radius, cm Shielding thickness TPs mass, ton
ABWR |  AP1000 |  VVER-1000
Gas cooling (or water cooling on dense grid with neutron absorbers)
Reinforced concrete 9 4 3 40 85 104
R/c+DUO2 37 8 9 80 45 129
Cast iron 21 6 7 60 60 130
R/c+DUO2 36 8 9 75 45 130
Water cooling (on sparse grid without neutron absorbers)
Reinforced concrete 8 4 4 45 80 103
R/c+DUO2 25 8 8 75 45 125
Cast iron 21 5 8 70 50 130
R/c+DUO2 21 6 8 65 45 129

RECOMMENDATIONS FOR THE SELECTION

OF THE CONTAINER DESIGN

Neutron-physical calculations, radiation protection
calculations and safety analysis are summarized in Table
10.

The container with depleted uranium oxide added to
the shielding provides the highest loading; the container
with cast iron-based shielding provides the best results.
The lowest loading is provided by using the container
with a pure reinforced concrete shield.

The influence of mass and dimensional constraints on
the container design differs slightly when using different
shielding variants. For example, the geometrical dimen-
sions of the container are the main limiting parameter for
reinforced concrete-based shielding and the weight of the
container for cast-iron-based shielding.

If the container is filled with liquid, the dimensions of
the container are reduced for most variants compared
with a gas-filled container design. However, in the ab-
sence of an absorber in the basket, liquid-filled variants
are more likely to have a lesser SFA load due to the need
for greater space between SFAs to ensure that criticality
limits are not exceeded.

CONCLUSION

The presented work is the final part of a two-stage
complex research aimed at substantiating the feasibility
to construct transport container design for nuclear spent
fuel after short-term storage.

Computer simulation modelling methods and calcu-
lations were used to substantiate the radiation protection
and nuclear safety solutions under normal and emergency

operating conditions of the proposed TP (transport and
packaging unit) designs for SFAs and to study the asso-
ciated neutron-physical processes.

In the process of modelling, water and gas filling of
containers was assumed in design solutions for heat re-
moval inside the container in all considered operating
modes and conditions of the TPs were proposed.

As a result of the work, the basic feasibility of con-
tainers for safe SNF management after short-term storage
in the reactor was proposed, and the main technological
and design requirements were determined for several op-
tional TPU designs made of different materials, with dif-
ferent capacity and spatial arrangement of SFAs meeting
all the necessary criteria for safe SNF transport. The most
promising TP design options with maximum loading are
identified as gas and liquid filled containers with an ab-
sorber in the basket that made of the following materials:
reinforced concrete+DUQ; and cast iron+DUO,.
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KOMIBIOTEPJE UMUTALUSIBIK MOJEJIbJAEY 9ICTEPIH IAIAJTAHA OTBIPBIII,
KbICKA YAKDBIT YCTAJIFAH MAMJAJIAHBLIFAH SIJIPOJIBIK OTBIHFA APHAJIFAH
TACBIMAJIJIAY KOHTEVMHEPIH KOJJAHY ILIH TEXHUKAJBIK MYMKIH/IITTH
HET'I3JEYTE APHAJIFAH HEUTPOH/BIK-®OU3NKAJBIK ECENTEYJIEP

JI. B. 3apBa’, E. C. Typ, C. A. Mykenesa, A. B. I'ynbkun, J. F. Barbip6exos, B. A. Butiok
«Kazakcman Pecnyonuxacvinotyy ¥1mmotx aoponastx opmanwizely PMK, Kypuamos, Kazaxcman
* Baunanvic ywin E-mail: zarva@nnc.kz

Byt skyMBIC €Ki caTBUIBI KeIIeH T 3ePTTEYIiH COHFBI CATBICHI OONbI caHanaabl, oi [ISO-HbI KbICKa yaKpIT YCTaI OaphIi
TackIMalIIay MYMKIHZIriH Herizaeyre skoHe TKK KoHCTpYyKIMsCchIHA KOWBUIATHIH TANaNTapAbl 93ipiaeyre OaFbITTaIFaH.
JKyMpIcTa KbICKa YaKbIT YCTalFaH NMalJalaHbUIFaH SIPONIBIK OTHIHJBI TAChIMaJJay YIIIH TachiMalliay KOHTEHHEepiH
KOJIIaHYIbIH TEXHUKAIIBIK MYMKIHJIITIH HeTi37iey OOMbIHIIA 3epTTey HOTIIKECI YChIHBUIFaH. PaioakTUBTI coyneneHyaeH
Kopray OOWBIHIIIA €CENTEy KYPTi3Uidi, SAPOJIBIK KAyilCi3miK HETi3aei, HeUTPOHIbIK-(QU3UKATIBIK 1JIECIIe MPOLECTEp
3epaeneni. JKypri3iireH »XyMmbICTapblH HOTWXKECIHJEC NalJadaHbUIFaH SIPOJIBIK OTBIHFA apHAJFaH TachIMajjay
KOHTEHHEPIH KOJIaHYAbIH TEXHHKaJBbIK MYMKIHIIr HEri3[enai, KOHCTPYKLMACH TeMip-0eToH + ypaH AMOKCHIl JKoHE
LIOMBIH + YpaH AMOKCH1 MaTepHajIbIHaH )KacallFaH, ra30€H TONTHIPbUIFaH HEMECE CIHIPTill CYHBIKTHIKIICH TONTHIPBUIFaH
ce0eTTeri MaiaaHbUIFaH SPOJIBIK OTHIHFA aPHAJIFAH KOHTEHHEP/IIH €H KOJIaiIbl HYCKAChl YCHIHBUIFaH.

Makcarka JKeTy YIIIH YMbICTa KOMIBIOTEPJIIK MOEJbJACY oicTepi KOJIAHBUIABI, KAIBIITH >KOHE aBapHsIIBIK
maiianany skaraiblHIa pagualusIaH KOpFaHy MEH sPOIIBIK KaYillCi3iKTI HeTi3ey YIIIiH ecenrteyiep xkyprizunai, [1510
CAJIBIHFAaH KOHTECHWHEpIMEH 1ilece JKYpeTiH HeHTPOHIBIK-(QU3UKANBIK MpoIecTep 3epTTenmi. MarepuaasrHbiH
KansiHAbFbiHAa JkoHe [DKB)XK KoHTeWHepiHIH TONTHIPBUTYbIHA OalIaHBICTHI pagualysgaH KOpFaHyFa apHalFaH
MaTeprangapAbH OipHelIe HYCKachl KapacTHIPBUIIHL.

Tyiiin co30ep: s0poaviK OmviH, AOPONLIK OMbIH YUK, AOPOILIK KAVINCI30iK, NAUOANAHLLIEAH SOPOAbIK OMbIH
Konmetunepi, A0PONbIK peaKmop.
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HEUTPOHHO-®U3NYECKHUE PACUETHI BOBOCHOBAHHWE TEXHUYECKOM BO3MOXKHOCTH
NPUMEHEHHUS TPAHCIIOPTUPOBOYHOI'O KOHTEMHEPA 151 OTPABOTAHHOI'O SIIEPHOI'O
TOIIJIMBA MMOCJIE KPATKOBPEMEHHOM BBIJIEP’)KKH C UCITOJIb30OBAHUEM METO/10B
KOMIIBIOTEPHOI'O UMHUTAIIMOHHOI'O MOJIEJIMUPOBAHUSI

I. B.3apea’, E. C. Typ, C. A. Mykenesa, A. B. ['ynbkun, J. I'. Batsip6exos, B. A. Butiok
PI'Il «<Hayuonansnuiit aoepustii yenmp Pecnyonuku Kazaxcmany, Kypuamos, Kazaxcman
* E-mail ons konmaxkmos: zarva@nnc.kz

JlanHas paboTa sBISCTCS 3aBEPIIAIOIIAM 3TAallOM IBYXCTaIUHHBIX KOMILICKCHBIX HCCJICIOBAHMMH, HAIPABICHHBIX Ha
obocHoBanue Bo3MoxkHocTH TepeMernenuss OST mocie KpaTKOBpEeMEHHOH BBIIEPKKH U BBIPAOOTKY TpeOOBaHUM K
koHCTpyKuuu TYK.

B pabote mpepcTaBieHBI pe3yabTaThl HCCICIOBAHUN MO OOOCHOBAaHHIO TEXHHYECKOW BO3MOXKHOCTH TPUMEHCHUS
TPaHCIOPTHPOBOYHOTO KOHTEIHEpa JJIsl TPAHCIIOPTHPOBKH OTPAOOTAHHOTO SCPHOT0 TOILTUBA MOCIIE KPATKOBPEMEHHON
BBICP)KKH. BBITIONMHEHBI pacdeThl 3allUThl OT PATHOAKTUBHOTO H3ITydeHHs, OOOCHOBaHa sAepHas O€30MacHOCTb,
H3YYEHBI COOTBETCTBYIOIIIE COMPOBOXKIAIONINE HEUTPOHHO-(PH3MUECKIE TIPOIIECCHl. B pesynbraTe mpoBeIeHHBIX padoT
000CHOBaHA TEXHUYECKAast BO3MOKHOCTB MIPUMEHEHHUS TPAHCIIOPTHPOBOYHOTO KOHTEHHEPA ISl OTPaOOTaHHOTO SACPHOTO
TOILINBA, TIPEII0KEH HanboIee MpUeMIIEMbI BApHAHT KOHTEHHEpa I OTPaOOTaHHOTO SAEPHOTO TOIUIMBA C Ta30BBIM
3aII0JIHEHUEM HJIH C KUIKOCTHBIM 3allOJTHEHHEM MOTJIOTHTEINS B KOP3UHE C KOHCTPYKIHEH U3 MaTepUaIOB: KeJie300eTOH
+ IMOKCHJ ypaHa U 4yTr'yH + JUOKCH] ypaHa.

JIis  MOCTHMKEHHUS TOCTABJICHHOW IIEMM B pabOTe HCIONB30BATMCh METOIbl KOMITBIOTEPHOTO HMHTAI[HOHHOIO
MOJIC/IUPOBAHKS, IPOBOIAMINCH pPacyeThl B OOOCHOBAaHHE pPaIUAIIMOHHON 3alMThI U SACPHOW O€30IacHOCTH B
HOPMAJIbHBIX M aBAPUIHBIX YCIOBHUIX IKCIUTYaTaIlUH, H3y4JaTUCh HEUTPOHHO-(PHU3UUECKUE TIPOIIECCHI, COMPOBOXKIAIOIINE
TYK ¢ OST. B pabote paccMOTPEHBI HECKOIBKO BAPUAHTOB MATEPHAJIOB JIJIS PAHANIMOHHON 3aIlUTHI, B 3aBHCUMOCTH
OT UX TOJIMHBI U HanoJaHseMocTy KoHTeitHepa OTBC.

Knrouesvie cnosa: sdeprHoe monauso, sO0epHuIl MONAUGHBIL YUK, SA0ePHAs 0e30nacHOCmb, KOHMeUHep O
0mMpaboOmManHO20 0ePHO20 MONAUBA, AOEPHBIL PEaAKmMop.
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