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The paper presents the results of studies to substantiate the possibility of using a container for transfer of spent nuclear
fuel after the short-term cooling. Spent nuclear fuel source-terms and energy release calculations, as well as thermal
hydraulic calculations have been made to serve as the basis for further studies.

The proposed transport package is designed for transportation of recently discharged spent nuclear fuel with a high level
of radioactivity. It is assumed that the use of this package allow transportation of up to 5 fuel assemblies from high-power
reactors such as ABWR, AP1000, and VVER-1000.

As a result of this study, the possibility of using a transport package for spent fuel assemblies after the short-term cooling
is substantiated in terms of the thermal processes that occur within them. These processes impose specific restrictions on
the container design.

This work is the first part of a comprehensive study aimed to substantiate the possibility of transporting spent fuel after

the short-term cooling and develop requirements for the design of such transport packages.
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INTRODUCTION

Spent nuclear fuel (SNF) management — is the final
stage of the nuclear fuel cycle. A number of technological
operations take place during this stage such as the dis-
charge of spent fuel assemblies (SFAs) from the reactor,
the placement of SFAs at the plant site, and the transpor-
tation of SFAs to the centralized long-term dry storage or
the nuclear reprocessing center and etc. [1]. Under the
current approach, SFAs are stored for at least a year on
the NPP's site, before moving to the centralized storage
or to the reprocessing. The storage of SFAs on the plant's
site requires the implementation of many complex oper-
ations, the presence of special facilities and free space in
them [2, 3].

The paper proposes to consider an approach to SNF
management that includes a number of operations for the
storage of SFA at the near station area. This approach in-
cludes placing the SNF, after the short-term cooling, into
special transport packages (TP) and sending them to ei-
ther the reprocessing plant or temporary storage areas.

The proposed approach to the SFA’s management has
a number of benefits such as a lower risk of nuclear ma-
terials proliferation within the NPP territory, reducing
doses on personnel responsible for storing SFAs and
many others.

In the scheme proposed for SFA’s management, ma-
terials and design of the container play a crucial role. The
design should ensure safe thermal conditions, nuclear and
radiation safety, radiation protection, radioactive materi-
als safety, integrity, and sealing even in the case of seri-
ous incidents and accidents [4, 5].

The objective of this study is to consider the possibil-
ity of developing and designing transport packages for
spent fuel after the short-term cooling in terms of the

acceptability of TP thermal properties. To reach this ob-
jective, the methods of computer simulation modelling
were used to calculate and study radiation intensity, SNF
energy release and the heat transfer processes within a
package with spent fuel. The results of this study will be
used in further calculations.

INITIAL DATA, APPROACHES AND ASSUMPTIONS

The TP being considered in this study is categorized
as the type B(U)F package according to IAEA regula-
tions [6] and as the type B, nuclear safety class I, radia-
tion hazard category III according to national regulations
[7-9].

It is assumed in this study that TPs will be used to
transport fuel assemblies of ABWR, AP1000 and VVER-
1000 reactors.

In accordance with the requirements of regulatory
documents of the Republic of Kazakhstan and IAEA rec-
ommendations it is accepted that the temperature of eas-
ily accessible surface of the TP being considered in the
absence of insolation should not be more than 85 °C.

Based on the data from [10, 11] it has been deter-
mined that maximum working temperature limit for fuel
element cladding from zirconium alloys should not be
more than 350 °C, because at temperatures above 350 °C
the strength properties deteriorate.

The insolation parameters are taken as follows from
[12]: 942 W/m? for the horizontal surface over a 12-hour
period, and 532 W/m? for the vertical surface.

The SNF loaded into the package has a high activity,
and the integral energy release of the fuel in the package
approaches 300 kW. Removing such a rather high energy
release is usually achieved by organizing the forced
movement of the coolant with the subsequent transfer of
heat from the coolant to the environment. To transfer heat
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from the coolant to the environment, using a dry cooler
(dry cooling tower) in the packaging set is optimal.

In order to facilitate the protection against the release
of radioactive products, the package cooling system is
made according to a two-circuit scheme: the coolant of
the first circuit fills the cavity of the container and con-
tacts with fuel elements of FAs, the coolant of the second
circuit removes the heat from the TP into the environ-
ment.

Water or gas (helium, argon, CO) were considered
as the working body filling the cavity of the package set.

Table 1 shows the fuel specification of ABWR,
AP1000, and VVER-1000 reactor plants.

Table 1. Technical characteristics of fuel assemblies

After verification calculations, the models of consid-
ered reactors ABWR, AP1000 and VVER-1000 types
were built.

The results of assessment of the energy release rate
within the cooling time range of 3—30 days for considered
reactors in dependence to their burnup are shown in Ta-
ble 2.

Table 2. Energy release, W/kgU

Cooling time, days
MBW”_’;‘;‘;;’tb ABWR AP1000 VVER-1000
3 /103 ]3[10][3]3]10]30
18 94 | 57 [ 34 [144] 87 [ 51 [155] 92 | 53
36 102 | 62 | 38 | 154| 93 | 56 | 168 | 100 | 60
54 110 | 67 | 42 | 165] 99 | 61 | 179 | 106 | 65

- Reactor
Characteristic

ABWR | AP1000 | VVER-1000
Grid structure of a fuel assembly 10x10 17x17 triangular

(square) | (square)
Number of fuel rods in an assembly 92 264 312
Enrichment, % 235U 3-4 48 4.0
Average fuel burnup, MW-day/tU 50000 60000 43000
Material of rod cladding Zircaloy-2 | ZIRLO Zr+1%Nb
Outer diameter of fuel rod, mm 10.3 9.5 9.1
Fuel rod cladding thickness, mm 0.66 0.57 0.67
Overall Fuel Assembly length, mm 4470 4795 4570

ASSESSMENT OF ENERGY RELEASE AND

RADIATION CHARACTERISTICS

To check all further calculations there were built ver-
ification models based on the experimental data for the
same or similar types of reactors [13—-16]:

— The data of the Takahama-3 reactor was selected
to verify the AP1000 type reactor: JPNNT3PWR-4
(36.7 GW-d/tU) and JPNNT3PWR-14 (47.0 GW-d/tU).
The initial uranium isotopic composition was 0.04%
234U, 4.11% 25U and 95.85% #8U.

— The data of the Fukushima-Daini-2 reactor was
selected to verify the ABWR type reactor: JPN2F2BWR-
5 (43.99 GW-day/tU) and JPN2F2BWR-13 (37.41
GW-day/tU). The initial uranium isotopic composition
was 0.03% 234U, 3.41% U and 96.56% 238U.

— For the VVER-1000 type reactor, data were se-
lected for two samples of two different assemblies with
maximum burnup: No. 195-720 (51.7 GW-day/tU; FA
number 4433001114) and No. 581 (47.9 GW-day/tU; FA
E-1591, fuel element 23).

After generation of models in the TRITON module of
the SCALE 5 software complex [17] with the reactor pa-
rameters and performing calculations on them, it was
found that in the well-studied range of burnup levels
(from 10 to 50 GW-day/tU) and conditioning (from 2 to
10 years), the results of calculation are well consistent
with the experimental data. For example, it was found
that the average ratio of the calculated and experimental
values of the energy release level for BWR was 1.005
with a standard deviation of 2.4%.

The results of assessment of neutron radiation source
intensity for 54 MW-day/tU burnup after 10 days cooling
are shown in Table 3.

Table 3. Neutron Radiation Intensity, neutron/(s-kgU)

Range, MeV ABWR AP1000 VVER-1000
1.00-10-""-1.00-10-8 2.35:10°6 1.70-10-6 1.94-10-6
1.00-10-8-3.00-10-8 5.58:10-6 3.58:10- 4.36:10-
3.00-10-8-5.00-10-8 7.32:10°6 4.53-10-6 5.62:10-
5.00-10-8-1.00-10-7 241105 1.47:10-5 1.83:10-5
1.00-10-7-2.25-10-7 8.63:10- 5.19:10-5 6.52:10-5
2.25107-3.25-107 8.94:10- 5.36:10-5 6.75:10-
3.25:10--4.00-107 7.72:10-5 4.63-10-5 5.83:10-
4.00-10-"-8.00-10-7 5.29-10- 3.18:10- 4.00-10-
8.00-10--1.00-10-6 3.24-10- 1.94:-10-4 2.44-10-
1.00-10-6-1.13-10-6 2.29-10- 1.37:10 1.73-10-4
1.13-:10-6-1.30-10-6 3.19-10- 1.91-10-4 24110~
1.30-10-6-1.77-10-6 9.90-10- 5.92:10-4 7.46-10-
1.77-10-6-3.05-10-6 3.36-10-3 2.01-10-3 2.53:10-3
3.05-10-6-1.00-10-5 2.97-10-2 1.77-102 2.23:10-2
1.00-10-5-3.00-10-5 1.50-10-1 8.96:10-2 1.13-10
3.00-10-5-1.00-10 9.53:10-1 5.71:10-1 7.18-10-1
1.00-10-4-5.50-10- 1.35-10° 8.11 10.20
5.50-10-4-3.00-10-3 1.72:102 1.03:102 1.30-102
3.00:10-3-1.70-10-2 2.32-103 1.39-108 1.75103
1.70-10-2-1.00-10-" 3.25-10¢ 1.95-104 2.45-10¢
1.00-10-'-4.00-10-1 2.20-10% 1.32:105 1.66-105
4.00-10-'-9.00-10- 4.79-105 2.88-105 3.62-105

9.00-10--1.40 4.79-105 2.89-105 3.64-105
1.40-1.85 3.86-10% 2.34-105 2.94-105
1.85-3.00 7.37-10% 4.54-105 5.66-105
3.00-6.43 6.72-10% 4.13-105 5.15-105
6.43-20.00 6.11-10¢ 3.61-10¢ 4.57-104

Total 3.07-108 1.87:108 2.34-106

The results of assessment of gamma radiation source
intensity for 54 MW -day/tU burnup after 10 days cooling
are shown in Table 4.
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Table 4. Gamma Radiation Intensity, photon/s-kgU

Table 5. Heat capacity and molecular weight of gas

Range, MeV ABWR AP1000 VVER-1000 Gas Helium CO: Argon
1.00-10-2-5.00-10-2 1.16:10% 1.79:10™ 1.92:10™ Heat capacity, J/(kg-K) 5204 1050 519
5.00-10-2-1.00-10-" 4.29-10% 6.69-1013 7.11-101 Molecular mass, kmol/kg 4 28 40

10-1= 101 1013 1013 1013
1.00 10_1 200 10_1 5.68 1013 8.75 1013 9.53 1013 Table 6. Dependence of thermal conductivity of gases
2.00-10--3.00-10 |  2.2010 3.30-10 36710 [W/(mK)] on temperature
3.00-10-1-4.00-10" 2.18-101 3.41-101 3.67-101
4.00-10--6.0010-1 |  7.62-10% 1.11-10% 1.22:10% I:r':p;’a' 213 | 373 | 473 | 573 | 673 | 773 | 873
10-1= 101 1014 1014 1014 !
6.0010-800-107 | 1.1110 1.7510 18310 Helum | 0143 | 0179 | 0212 | 0245 | 0275 | 0305 | 0333
A10-1= 1013 1013 1013
8.00-107-1.00 20410 29210 31210 co, 0.023 | 0.030 | 0036 | 0.043 | 0.049 | 0.054 | 0.060
— 1012 1012 1012
1.00-1.33 74710 88110 98710 Argon | 0.0165 | 0.0212 | 0.0256 | 0.0299 | 0.0339 | 0.0379 | 0.0394
1.33-1.66 3.06-1013 4.98:10% 5.29-10"3
1.66-2.00 9.25-101 1131012 1351012 Table 7. Dependence of gas viscosity [kg/(m-s)]-10°
2.00-2.50 1.76-1012 2.29-102 2.65-10%2 on temperature
. 011 1012 1012 -
2.50-3.00 9.50-10 1.56:10 1.65:10 Tempera: 73 373 a7 573 673 e 873
3.00-4.00 8.13-10° 1.31:10%0 1.40-1010 ture, K
4.00-5.00 1.04-105 6.33-10¢ 7.99-10 Helium 186 | 229 | 267 | 3.05 | 340 | 3.74 | 407
5.00-6.50 417104 2.54-10¢ 3.21-10¢ CO; 166 | 2.07 | 244 | 280 | 3.12 | 344 | 374
6.50-8.00 8.18-103 4.98-103 6.29-103 Argon 211 | 270 | 322 | 3.69 | 411 | 452 | 485
8.00-10.00 1.7410° 1.06-10° 1.3310° In the case of filling TP container cavity with gas, ra-
Total 5.09:-10 7.79:10 8.36-10' diant heat exchange had been calculated using the spher-
THERMAL ANALYSIS ical harmonics method in P-1 approximation [19].

During the calculations, it was assumed that the heat
exchange inside the TP occurs through the free gas and
water convection in the cavity of package. The heat is re-
moved from the working body, which fills the package,
and transferred to the package's walls which have cooling
paths with forced water circulation. Alternatively, the
heat can be transferred to a system of pipes that pass
through a cavity where cooling water is also circulating.

To simplify the thermal-physical modeling:

— AP1000 assembly was chosen for further calcula-
tion;

— the external water jacket with forced convective
heat removal was not considered, but to assess the impact
convective heat exchange with the heat transfer coeffi-
cient was set 2000 W/(m?K) [18].

The water movement within the cavity of package
caused by natural liquid convection, was described using
the Boussinesq Model [19] during the calculations.

The thermophysical properties of water in the calcu-
lations have been set as follows:

— density at the temperature of 290 K was set equal
to 990 kg/m3;

— thermal conductivity — 0.6 W/(m-K);

— heat capacity — 4182 J/(kg-K);

— viscosity — 0.00103 kg/(m-s);

— coefficient of thermal expansion — 0.00035 1/K.

The gas movement caused by natural convection was
described using the model created on ideal gas ratio
(Clayperon-Mendeleev equation).

Thermophysical properties of gas used during the cal-
culations, are shown below (Tables 5-7) [20, 21].

In calculations, it was assumed that the internal con-
tainment of package was made of steel. The emissivity
factor of package steel containment and zirconium clad-
ding of fuel elements equaled to 0.5.

Considering that 5 fuel assemblies are placed in the
package in a “cross” shape, the diameter of the package
cavity should be about 0.8 m. Since the length of package
is significantly greater than its diameter, the main heat
outflows through the side walls, therefore, heat removal
through the end walls of the container was disregarded in
the calculations. Thermal calculations were carried out in
the ANSYS software package using a two-dimensional
P1 heat exchange calculation model in the horizontal ori-
entation and the finite element method.

Calculations of TP with Water Filling

the Container Cavity

The calculation scheme of TP loaded with 5 SFAs of
AP1000 reactor in it as shown in Figure 1. To provide the
symmetry in the calculations, % (one half) of the package
structure had been used. Outside temperature of 300K
were set as boundary conditions at the outer wall of the
package containment.

Boiling water in the cavity of the TP can lead to a
significant increase in pressure in its cavity and damage
the integrity of its design construction, so the use of water
as a coolant implies that its temperature should not ex-
ceed 373 K. In order to comply with this condition, at
least, it is necessary that the temperature difference at
“fuel elements — water” border and “water — wall of the
package” border does not exceed 10...20 degrees.
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Figure 1. TP Calculation Scheme

The fuel elements of SFA have well developed heat
exchange surface so even in minimal value of heat trans-
fer coefficient for water under the free convection [18]
equal to 100 W/(m?-K). The temperature drop among the
fuel elements and water within the package cavity
doesn’t exceed several degrees.

To find the required surface area of heat exchange be-
tween the water and the package wall, the coefficient of
heat transfer at the boundary “water — wall of the package
containment” at the initial stage of the calculations was
determined. Calculations showed (Figure 2) that this heat
transfer coefficient is ~450 W/(m?-K).
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Figure 2. Heat Transfer Coefficient at the Boundary
“Water — Package Containment”

The running rate of energy release per unit of TP
length is 67.7 kW/m. Considering that the temperature
drop between the water and package wall is about 15 °C,
we can calculate that the perimeter of heat exchange sur-
face of the package containment internal wall shall be
10 m.

The required value of the heat exchange surface area
can be reached by ribbing of the containment internal
wall. Estimated temperature field in the cavity of TP with

ribbed internal wall of the containment is shown in the
Figure 3. In calculations, it was assumed that the rib
height is 40 mm, the rib thickness is 5 mm, and 80 ribs
are located along the perimeter of the containment.
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Figure 3. Temperature Field inside the TP [K] Cavity with
Ribbed Internal Wall of the Containment

The analysis of calculation results showed that the rib-
bing of containment wall doesn’t bring the expected re-
sult: stagnant zones formed in spaces between the ribs,
convective water flows were low, the decisive role in the
heat exchange process played the conductive component,
and water temperature in the cavity is significantly above
the boiling temperature.

Heat removal from water, which placed in the package
cavity, cannot be implemented to the wall of package, but
to the pipes with circulating coolant that pass through the
cavity. The calculated temperature field of such system
is shown in Figure 4.
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Figure 4. Temperature Field [K] in Package Filled with
Water with Array of Pipes Passed through the Cavity
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In carrying out this calculation it was assumed that
256 pipes with an outer diameter of 20 mm and wall
thickness of 2 mm were passed through the cavity. Con-
vective heat exchange with heat transfer coefficient equal
to 2000 W/(m>-K) and coolant temperature equal to
300 K was applied for the inner surface of pipes.
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Calculations of TP with Gas Filling the Package

Cavity

Calculations of TP with gas filled package cavity
were performed using calculation schemes, which de-
scribes the design of the set, similar to the schemes used
for calculations of TP with package filled with water.

Two ribbing options were considered: one with 80
ribs u another with 160 ribs placed along the perimeter of
the containment wall. The ribs were 40 mm height and
5 mm thick.

Maximum temperature of the package materials dur-
ing the filling the TP cavity with different gases (helium,
CO,, argon) obtained as a result of calculations and the
above described methods of heat removal from the fuel
is shown in Table 8.

To demonstrate the results of the calculations, Figures
5-7 show the distribution of the temperature field in the
helium-filled TP cavity without ribbed inner wall of the
package containment, with ribbed inner wall of the con-
tainment and with tubes passing through the package ca-
vity.
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Figure 5. Distribution of Temperature Field in the Helium-
Filled Cavity of TP with Ribbed Inner Wall of the Package
Containment (80 Ribs around the Containment Perimeter)
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Figure 6. Distribution of Temperature Field in the Helium-
Filled Cavity of TP with Ribbed Inner Wall of the Package
Containment (160 Ribs around the Containment Perimeter)
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Figure 7. Distribution of Temperature Field in the Helium-
Filled Cavity of TP with Pipes Passed through the Package

Table 8. Maximum temperature of the package materials (K)
calculated using different methods of heat removal from fuel

Gas Helium CO2 Argon

Without ribbing of containment 906 918 924

Rare ribbing of containment 735 742 746

Frequent ribbing of containment 663 666 667

Pipes passed through the cavity 611 612 615
CONCLUSION

This work is the first part of a complex research
aimed at justification of principal feasibility for creation
of a transport package designed to transport SNF after the
short-term cooling.

An array of thermophysical data has been obtained
through computer simulation modeling and calculation
methods. Additionally, conceptual design and technolog-
ical solutions have been proposed to ensure the operabil-
ity and safety of such TP in terms of thermophysical pro-
cesses occurring within it.

Analyzing the results of calculations, it can be stated
that the type and composition of the gas filling the con-
tainer cavity has minimal impact on the temperature of
materials in the TP. This can be explained by the fact that
the heat exchange by radiation is predominant in the heat
exchange between the fuel and the cooling wall.

The obtained results show that the best solution of
SFA cooling conditions in the case of water and gas cool-
ant is the use of an array of tubes passing through the
container cavity. This enables to keep the temperature of
the materials within the package, not exceeding the de-
sign temperature, and the TP of this design enables the
provision of the necessary thermal modes for the device's
operation.
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THERMAL ANALYSIS FOR THE SPENT FUEL TRANSPORTATION PACKAGE AFTER SHORT-TERM COOLING
BY USING COMPUTER SIMULATION MODELING METHODS

KOMIBIOTEPJIIK UMUTALIMSIJIBIK MOJIEJBJIEY DAICTEPIH KOJIJIAHA OTBIPBIIL,
KBICKA YAKBIT YCTAJIFAH MAVJAJIAHBLIFAH SIIPOJIBIK OTBIHFA APHAJIFAH
TACBIMAJIJAY KOHTEMHEPIH JKbLTY ®U3UKAJIBIK TAJIJIAY

J. B. 3apsal, C. A. Mykenesal, E. C. Typ!, A. B. 'yaskun!, . F. Barsipéexos!, B. A. Butiok!, A. C. Akaes?

! «Kazakcman Pecnybnuxacoinsiy ¥1mmuix a0ponvtx, opmansizoty PMK, Kypuamos, Kazaxcman
2 KP Y10 PMK «Amom 3nepzuscot uncmumymsty gunuanst, Kypuamos, Kazaxcman

* Baunanvic ywin E-mail: mukeneva@nnc.kz

Byn xyMBIcTa peakTopaaH kKaHa TYCIpUIreH MaiIalaHbUIFAH SIPOJIBIK OTHIHIBI TAaCcy YIIIH KOHTeHHepIi KOJIaHyIbIH
TEXHUKAJIBIK MYMKIHAITIH Heri3ney OOWbIHINA 3epTTey HOTH)Keci YCHIHBUIFaH. llalimanaHpuFaH SAPOJBIK OTHIHHBIH
SHeprusi 0oy AeHreiliH XKoHe paJnalMsuUIbIK CHIIaTTaMachliH Oarayiay OOMBIHIIA ecenTey XKypri3iiii, OyJ1 KOHTeHHEepAiH
KbUTY PU3HKAIIBIK €CenTeyiHe Heri3 0ol

Konreitnepai naitnanansim, ABWR, AP1000 xone BBOP-1000 THnTI KOFaphl KyaTThl peakTOpJIApAbIH S-Ke NeHiHTi
JKBUTY OOJITIII XKMHAFBIH TachIMajiayFa 0oJaasl 1ereH oomkam oap.

JKyMmbICc HOTIXKECIHIE MaiialaHbUTFaH JKbUTy OOINTiIl >KHMHAKTap/Abl KbICKAa YakKbIT ycTay Ke3iHIae OONaThIH JKbUTY-
(U3HMKAaJIBIK TPOLeCTeP/AiH KOHTEHHEp KOHCTPYKUMSICHIHA OeNriti Oip MEeKTey KOSTHIHABIFB TYPFBICHIHAH TachIMalaay
KOHTEHHEPiH KOIIaHYAbIH TEXHUKAIBIK MYMKIHIIT1 HET13AeTe .

Byn sKkymbpIc KBICKa yaKbIT YCTalFaH NalJalaHBUTFaH OTBIHABI Tacy MYMKIHIITIH Heri3eyre »oHe KOHTEHHep
KOHCTPYKIMACHIHA KOWBUIATHIH TaJaNTapIbl d3ipiieyre OarbITTalFaH KeIIeHNi 3epTTeylepAiH OipiHmmi Oeriri OobIm
caHamaJpl.

Tyiiin co30ep: naudanrauvlizan A0POabIK OMbIH, A0POIbIK PeaKmop, KoNiK-Kanmay KoHmelHepi, macvlmanioay.

TEIIO®U3NYECKHI AHAJIN3 TPAHCIIOPTUPOBOYHOI'O KOHTEMHEPA
JJISI OTPABOTAHHOI'O SIZIEPHOI'O TOILIMBA INOCJE KPATKOBPEMEHHOM BbIJIEPKKH
C UCITOJIB3OBAHUEM METOJOB KOMIIBIOTEPHOI'O UMUTAIIMOHHOI'O MOAEJINPOBAHUA

. B. 3apeal, C. A. Mykenesa!, E. C. Typ!, A. B. T'yabkun', J. I'. Bateip6exos!, B. A. Butiok!, A. C. Akaes?

! PI'll «Hayuonanvnotii soepuvtii yenmp Pecnyonuxu Kazaxcmany, Kypuamos, Kazaxcman
2 @uauan «Mncmumym amomnoii snepzuuy PI'TI HAIL] PK, Kypuamos, Kazaxcman

* E-mail ona konmaxmos: mukeneva@nnc.kz

B pabore mpencTaBieHbl pe3yldbTaThl UCCICAOBAHUN 1O OOOCHOBAHMIO TEXHUYECKOW BO3MOXKHOCTU MPUMEHEHHUS
KOHTEiHepa /Ul MEepeMEIleHHs] CBEXEBBITPYKEHHOTO M3 PEaKTopa OTpabOTaHHOTO SIAEPHOTO TOIMIIMBA. BBHIMOIHEHBI
pacyeTsl MO OLEHKE YPOBHS SHEPTrOBBIICICHHS U PAJHAIIMOHHBIX XapaKTEPUCTUK OTPAOOTAHHOTO SACPHOTO TOILIMBA,
KOTOpBIE B CBOIO OYEPEelb MOCIYKHIM OCHOBAaHHEM ISl NTAIBHEUIINX TEIUIOPHU3NIECKUX pacy€ToB KOHTEHHEpa.
[Ipeanonaraercsi, 4TO ¢ UCIOJIB30BaHHMEM KOHTEIHEpa CTAHOBUTCS BO3MOXHBIM MEPEBO3KA OT 5 TEIUIOBBIICISIONINX
cOopok peakTopoB Oonbioi MormHocTr THa ABWR, AP1000 u BBOP-1000.

B pesynbrare paboTbl 000CHOBaHA TEXHUYECKass BO3MOXKHOCTb NMPUMEHEHUsI TPAHCIIOPTHPOBOYHOIO KOHTEHHEpa st
0TpabOTaHHBIX TEIIOBBIICIAIONIMX COOPOK MOCIE KPATKOBPEMECHHOM BBIICPKKH C TOYKH 3PEHHS MPOTECKAIONIMX B HUX
TEIIO(U3NUECKHX MPOLIECCOB, HAKIIA(BIBAIOIINX ONpE/IeICHHbIE OTPaHNYEHHS Ha KOHCTPYKIIMIO KOHTEHHEepa.

JanHas paboTa sSBIISETCS MEPBOil YaCThIO KOMIUICKCHBIX HCCIICIOBAHUM, HATPABICHHBIX HA 000CHOBAHHE BO3MOKHOCTH
nepeMeneH s OTPabOTABIIEro TOIUTNBA MOCIe KPATKOBPEMEHHOM BBIACPIKKU M BHIPAOOTKH TpeOOBaHHH K KOHCTPYKIUH
KOHTeWHepa.

Knrwouegvie cnoga: ompabomannoe a0eproe moniugo, A0ephbviil peakmop, mpaHCnOpmHblll YNAKOGOUHbIl KOHmMeUHeD,
nepesosKa.
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