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Some issues of safety of the unique in Ukraine the Dry Spent Nuclear Fuel Storage Facility are highlighted. The
analysis of temperature measurements of air, which cools storage containers of the spent nuclear fuel on the dry
storage platform of the Zaporizhska NPP, is carried out. Factors, which influence on thermal conditions of storage
containers, are defined. The approach for solving the problem of thermal processes identification in containers on
storage platform is given. The results of investigation are shown safety of dry storage on Zaporizhska NPP.
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INTRODUCTION

Temporary dry storage is the one of popular
strategies of handling with spent nuclear fuel (SNF) for
countries with open fuel cycle it is. This strategy has
been chosen as temporary method in Ukraine until
making final decision about SNF treatment. On the
Zaporizhska NPP the SNF store by dry method on the
open area. Therefore, the problem of the safety ensuring
during all time of storage requires investigation in
details [1].

The safety of the Dry Spent Nuclear Fuel Storage
Facility (DSNFSF) consists of three main components —
Nuclear safety, Radiation safety and Safe thermal
conditions. For last field the main problem is the
definition of thermal state of containers and spent fuel
assemblies inside container. These results will be
especially important at stage of DSNFSF operating and
modernization, for control and predicting thermal state
of fuel during whole period of storage.

The problem of thermal state of containers with SNF
is solved by many researchers [1-3]. But, unfortunately,
the analysis of external factors which are influenced on
thermal state of SNF inside storage containers was not
carried out. For, example, one of important factor for
aboveground open storage facilities is wind. The main
goal of this paper is to consider wind influence on
thermal state of the ventilated storage containers with
SNF of WWER-1000 reactors.

1. PROBLEM DEFINITION

At Zaporizhska NPP the storage of the SNF is
carried out in ventilated concrete containers which
prototype is container VSC-24 of American companies
“Sierra Nuclear Corporation” and “Duce Engineering
and Services” [1].

Ventilated storage container (VSC) structure is
shown at Fig. 1. Twenty four spent fuel assemblies
(SFA) is placed into tight cluster storage basket
(TCSB). TCSB filled with inert gas (helium), which
circulates in the internal space of the basket due to
natural convection caused by temperature difference of
hot SFA and cold casing of basket.
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TCSB is placed into a concrete casing which is the
radiation protection barrier and protects the basket from
damages

mechanical and other effects of the

environment.
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Fig. 1. Structure of ventilated container with spent
nuclear fuel

Heat from basket surface is removed by natural air
draft through cylindrical ventilating channel which is
formed by basket casing and steel cover of concrete
container casing. Heat transfer from SFA to the basket
casing and from casing of TCSB to the container steel
cover is carrying out by complex conductive-
convective-radiative heat exchange.

Containers are located on the open barriered
platform (Fig. 2), which was designed for placement of
380 ventilated containers.

The SFA are loaded into a basket after 5 years of
storage in cooling pond. The calculated value of decay
heat of single assembly is 0.909 kW [4, 5] and energy-
release of each SFA is not more than 1 kW. From 2003
the spent fuel assemblies (SFA-A) with higher energy-
release are used on Zaporizhska NPP. After six years of
storage in cooling pond the SFA-A has energy-release
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1.22 KW [4, 5]. Thus, there is a problem of storage of
assemblies with energy-release more than 1 kW. Safety
criteria places a limitation in 350°C for the SNF
cladding temperature inside TCSB.
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Fig. 2. The scheme of DSNFSF platform

The registration of temperature measurements on an
exit from ventilating channels of the container is
conducted for the monitoring of thermal state of VSC.
The analysis of these measurements has allowed
disclosing factors, which have an influence on thermal
condition of VSC operation [6].

In calm conditions the heating of air in each channel
of the container is almost identical (Fig.3). In calm
conditions for container Nel the maximal of ventilated
air temperatures in channel 3 (see numbers inside the
circle, Fig.3) and minimal — in channel 2. Such
distribution of temperatures remains at different values
of ambient temperature (t;). The Fig.3 shows that
heatings of ventilated air in each channel are almost
equally. Differences are caused by non-uniform
accommodation in basket SFA with different decay heat
or local wind influence.
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Fig. 3. Temperature measurements on exit of container
ventilation channels in calm
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Influence of a wind changes temperatures on an
outlet from ventilating channels (Fig. 4). In the channel
from windward the temperature is less than in other
channels. It is caused by mixture of cold atmospheric air
with heated ventilating air. The wind also causes
redistribution of a cooling air stream inside VSC. The
form of air motion was shown on Fig. 5. Therefore,
detailed research of the wind influence on the maximum
temperature in the containers is necessary.

05.12.01 t;=-6,7°C

v=3,0m/s Azimuth 53

07.04.03 t=0,3°C

v=6,8m/s Azimuth 220

S

N \

Fig. 4. Temperature measurements on exit of container
ventilation channels depending on wind position

Fig. 5. The form of air motion near VSC

2. METHODOLOGY

The system of dry spent nuclear fuel storage which
is used on Zaporizhska NPP is affected by strong
influence of outer factors on thermal state of containers
due to their operation on the open-air platform. So,
during the numerical investigations of thermal processes
it is necessary to consider the air moving both inside
and outside of storage container.

The definition of thermal fields of solid body and
fields of pressure, velocity and temperature of the
cooling or the heating medium at known inner and outer
influences is the object of a direct conjugate heat
transfer problem. The methodology of definition of
thermal state of containers in various wind conditions is,
in general, based on multi-stage approach, which is
described in [7]. The calculation area was divided on
two parts: the first one is a single container with
simplified TCSB and the second one is air, which is
surrounding containers' group. The domain with
surrounding air was used for the definition boundary
conditions for domain with single container. In this case
only gas-dynamic problem was solved and, as a result,
the profile of air velocity which is leaking on container
was defined. For the calculation domain with a single
container the conjugate heat transfer problems were
solved. It's allowed to detect thermal state of container



with taking into account wind influence and calculate of
parameters of cooling air in the outlet vents. The
mathematical model of conjugate heat transfer problem
was described in detail in [7]. The one of main
parameter, which was used at calculation, is the
equivalent heat conductivity coefficient; it was
calculated in [8].
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In this paper were considered few types of problems:
single container and group of containers, both are in
wind conditions. For the single container three
directions of wind were modelled (Fig. 6). Containers
group was considered in typical wind velocity for
DSNFSF region and for this storage condition few types
of container placement were modelled.
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Fig. 6. Variants of wind direction (o — outlet, i — inlet ventilation channels)

3. RESULTS AND DISCUSSIONS

Results of calculations at various velocities of a
wind are given in Tabl. 1.
Table 1
Maximum temperature in VSC at various velocities of a
wind (t, = 24 °C, energy-release of TCSB is 24 kW)

Wind Maximum temperature in VSC, °C
velocity, m/s A | B | C

0 294.3
1 302.5 297.2 3015
2 317.7 304.1 304.3
3 325.6 312.7 297.7
5 305.1 318.3 288.9
10 256.8 302.9 249.1

Small velocities of a wind (about 1 m/s) render
feeble influence on the maximum temperature in VSC
in comparison with calm conditions. The maximum of
temperature in VSC is occurred near 3m/s wind
velocity and this speed of wind are the most dangerous
at storage of SNF because of blocking outlet vents. In
this case there is no enough flow rate through

ventilation system and decay heat not being conducted
away properly. At wind (10 m/s and higher) the
maximum temperature in the VSC is decreasing because
the wind is strong enough and cooling air comes
through ventilation system from top channels to the
bottom.

The operation of single container is not typical
situation for DSNFSF on Zaporizhska NPP. So, it is
necessary to detect thermal state of containers group
with taking into account their mutual influence.

Firstly, the wind influence to the whole storage
platform was considered. As Fig. 7 shows, containers,
which are placed near the protection wall from the wind
side, are under bigger wind influence than others due to
forming circulation zone. But containers in the center of
the storage platform could be under thermal influence of
neighboring containers.

Inside containers group air flow has complex
structure (Fig. 8) and atmospheric air can penetrate to
the outlet vents of containers. Obviously, if air will
came from outlets of neighbor container it will has
influence to the thermal state and results of temperature
measurement considered container.

Fig. 7. Flow structure near the protection wall



Fig.

8. Flow structure inside containers group

Fig. 9. Temperature of ambient air

For the line of 10 containers in wind conditions the
temperature profile of ambient air is given on Fig. 9.

Results of containers’ thermal state investigation,
which are located in line, at wind velocity 5 m/s are
given in Tabl. 2. The maximum of temperatures in each

container are not more than 350 °C. Investigations are
shown that at other wind velocity the maximum of
temperatures in containers are not more than 350 °C
also, therefore operation of DSNFSF is safe.

Table 2
Maximum temperatures in VSC, which are located in line (wind velocity 5 m/s)
. . The maximum of temperature in VSC, °C
Temperature of ambient air, X
oC Container
1 2 3 4 5 6 7 8 9 10

24 329.3 | 329.1 | 329.1 | 329.7 | 329.6 | 329.6 | 322.6 | 322.6 | 322.6 | 322.6
40 345.9 | 345.7 | 345.7 | 346.2 | 346.1 | 346.1 | 338.1 | 338.1 | 338.3 | 338.2

CONCLUSIONS REFERENCES

1. In this work the numerical approach for definition
of thermal condition of group of containers with SNF on
a storage platform is overviewed. The methodology is
based on solving of conjugate heat exchange problems.

2. Placement of containers on storage platform is
necessary in view of an annual wind rose to minimize
influence of a wind on their thermal state. Results of
investigations can be used for construction of wind
protection system for containers.

3. Results of investigations can be used for
construction of safety near-stations dry storages in other
nuclear power plants of Ukraine or at open dry storages
of the SNF in other countries.
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ITPOBJIEMBbBI BE3OITACHOCTH CYXOTI'O XPAHEHHUSA OTPABOTABHIETI'O
SAJEPHOTI'O TOIIJIMBA

C. Anexuna, A. Kocmukos, C. Kpyznos

OcBeleHbl HEKOTOPBIE MPOOJIeMbl OE30IIACHOCTH YHUKAJIBHOTO B YKpaHHE CYXOr0 XpaHWIUIA OTPabOTaBLIEro
sepHoro ToIulMBa. [IpoBefeH aHaiIM3 TEMIEpaTypHBIX 3aMepOB BO3AyXa, KOTOPHIM OXJaXKAaeT KOHTEHHEpHI ¢
0TpabOTAaBIIMM SACPHBIM TOIUIMBOM Ha IUIOIMIAAKE cyXoro xpaHeHus. OnpeneneHsl pakTopsl, KOTOPBIE BIHUSIOT Ha
TETUIOBBIE PEXXHUMBI KOHTEHHEPOB XpaHEeHHs. [Ipe/utoskeH Moaxo K PeHICHHO 3aJadll MACHTH()HUKAIMN TEIUIOBBIX
MIPOLIECCOB B KOHTEHHEpax Ha IJIOIIAJKE XPaHIIHNIIA. Pe3ynbTaTel HcciIeIoBaHMs MOKa3aal 0€301MacHOCTh CyXOTro
XpaHeHus ToIluBa Ha 3anopokckoit ADC.

MPOBJIEMH BE3INEKHN CYXOI'O 3BEPII'AHHS BIAIIPAIIBOBAHOI'O
AAEPHOTI'O ITAJIMBA

C. Anvoxina, A. Kocmixos, C. Kpyznoe

Bucsitieni aesiki npoOiemu Oe3lekn yHIKaIBHOrO B YKpalHi CyXOro CXOBHIN@ BiANPAlbOBAHOTO SIEPHOTO
nanuBa. [IpoBeieHO aHali3 TeMIepaTypHHX 3aMipiB IOBITPs, HIO OXOJOMKYE KOHTEHHEpH 3 BiIIpalbOBaHUM
SIEPHUM TaJIMBOM Ha IUIOLIAJII CyXoro 30epiraHHs. BusnaueHi ¢akropu, 110 BIUIMBAIOTH Ha TEIUIOBI PEKUMHU
KOHTeiHepiB 30epiraHHs. 3anporOHOBAHO MiAXiJ IO pPO3B’s3aHHA 3ajadi ifeHTUdIKalii TEIUIOBHX IPOLECIB Y
KOHTEHHepax Ha IUIOMIA/Il CXOBHIIA. Pe3ynbTaTi MOCHIIKEHHS IOKa3aau Oe3leKy CyXoro 30epiraHHs majnBa Ha
3amopizekiit AEC.



