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Now only one Dry Storage Facility of Spent Nuclear Fuel (DSFSNF) is operated in Ukraine. It is the facility on
Zaporizhska NPP. Many different thermal investigations were done for ventilated containers of DSFSNF. In this
study the generalization of scientific approaches to the thermal safety assessment are carried out. The multi-stage
approach to the definition of thermal state of containers' group, single container, spent fuel assemblies and fuel rods
was developed. Detailed thermal profiles of spent fuel assemblies inside storage container were calculated. With
usage of multi-stage approach the thermal simulations of the influence of outer factors onto thermal state of
containers was carried out. Results of thermal investigations were generalized and factors, which are influence on
thermal state of containers, are detected. The method of spent nuclear fuel thermal state prediction and suggestion
for improving the system of thermal monitoring were proposed.
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INTRODUCTION

Ukraine has more than 15 years of experience to
store spent nuclear fuel (SNF) of power reactors. The
fuel from 6 WWER-1000 reactors of Zaporizhska NPP
is stored by the dry method on the open-air platform in
ventilated containers (Fig. 1).

Fig. 1. Storage contéiners of Zaporizhska NPP

Since 2001 when the first container with SNF was
located on the storage platform, the thermal monitoring
of the state of containers is performed. The thermal
monitoring is carried out by measuring the ventilating
air temperature (Fig. 2). One of the main criteria of
safeoperation of SNF storage container is that air is
heated in the ventilation duct not more than 61 celsius
degrees [1].

Long and safe operation of any nuclear facility such
as the Dry Storage Facility of Spent Nuclear Fuel
(DSFSNF) on Zaporizhska NPP is not possible without
its scientific support. The scientific support implies it is
understood the deep and system analysis of physical
processes during facility operation with detecting and
structuring factors of influence on the state of SNF, and
development of methods of effective safety control and
improvement.

Fig. 2. Resistance thermometer and the place of its
location in the system of thermal monitoring

There are lot of research works dedicated to the
problems of estimation radioactive emission and its
influence onto humans and environment [2, 3],
calculation of subcriticality and prevention of the
uncontrolled chain reaction [4], development additional
radiation protection constructions etc. However, the
thermal part of the complex concept of DSFSNF safety
has not enough scientific attention. Traditional approach
in the thermal safety assessment is the single thermal
calculations on stage of the basic equipment
development. Moreover, usually these calculations have
a lot of simplifications and averaging with purpose to
ensure enough safety margins at operation. Although
this approach is accepted at normal operation of
DSFSNF it does not give full information about thermal
processes at the dry storage. This limitation does not
allow effectively increase safety level of the storage or
develop approach for equipment modernization, which
could be caused by commercial competition in the
nuclear waste management.

It should be noted that studies of thermal safety of
the dry spent nuclear fuel storage were carried out by
some researchers [5-9]. All studies, as a rule, carried
out in three main topics: normal and accident operation
conditions  studying, and studies focused on
improvement of the storage equipment. The main
feature of existing scientific works is an absence of the
thermal simulation results generalization, classification
of factors, which have influence onto the thermal state
of the spent nuclear fuel and storage equipment, and
general approach to the SNF thermal state simulation
and identification.
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This paper is devoted to the analysis of the thermal
processes on the dry SNF storage facility of
Zaporizhska NPP.

1. METHODOLOGY

The specificity of containers with SNF does not
allow to simulate directly their thermal state. Large
differences between characteristic sizes (for example,
height of fuel rod and its diameter) require high quality
meshing, so computational time increases and there is a
need to use high speed computers clusters. The most
sensible way to avoid this is dividing the computational
area to the parts, solving thermal problems for each of
themand then connecting results. The iterative
methodology for the thermal state simulation is
presented on Fig. 3.
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Fig. 3. Iterative methodology of the SNF thermal state
definition
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According to itateach level of calculation procedure
some part of computational domain is replaced by
simplified objectand the boundary conditions on its
surfaces are calculated. At the next level of calculation
procedure this part is simulated in detailed structure.
This approach was described in details in [10].

Verification of results, which are obtained with
usage described approach, was carried out by
comparison of measured temperature of ventilation air
in outlet vents and calculated one. The difference
between these two values are not more than 3%.

Simulation was done for beginning of the SNF
storage. So, the decay heat of each fuel assembly was
fixed as 1 kW according to [11].

2. RESULTS

Results of modelling of the thermal state of
containers group with usage of described approach are
shown that there is no mutual thermal influence between
them. Heated air flows freely out of container and
doesn't get into the ventilation duct of neighbouring
containers (Fig. 4).
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Fig. 4. Temperature profile of air for containers group

With usage of the described approach the detailed
thermal profiles of the SNF inside ventilated storage
container were calculated. Fig. 5 shows the temperature
profiles of the container and storage cask with spent fuel
assemblies.
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Fig. 5. Temperature profile of the storage container (a)
and storage cask (b)

All factors of influence on the thermal state of
storage containers with SNF (for example, like
described in [12]) could be classified on basis of their
character (Fig. 6). The part of these factors appears at
accident conditions, other at normal operation.
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Fig. 6. Classification of the factors, which have
influence on the thermal state of SNF

The physical factor of influence (decay heat) and
weather factor (temperature of atmospheric air) must be
taken into account at calculation (prediction) of the
maximum temperature inside storage container. The
analysis of the results of simulation allows to find the
functional dependences of the maximum temperature in
storage container (T,) and the temperature of the vent
air (Teq) on the decay heat (Q) and temperature of
atmospheric air (T,):

T, =26.96+0.74T, +0.014Q-0.0036T2-
-1.141-107Q? +1.07-10°T,Q;
T, =8.13+0.8694T, +0.002Q-0.00085T -

-1.432-10°Q%+6.116-10 °T.Q.

These dependences are reasonable to be used at
thermal monitoring of SNF storage for control measured
parameters. It is especially actual during the last years
of storage when decay heat of SNF is low hereupon
criterion limit in 61 celsius degreesof air heating is
never reached. So, the measured temperature of
ventilating air must be compared with calculated
temperature of ventilating air with purpose to detect air
heating increasing and probable accident.

Other factors of influence onto the thermal state of
SNF was investigated in [13] (influence of the daily
temperature fluctuations) and [14] (influence of solar
irradiation). It is found that both of them are not
dangerous for spent nuclear fuel stored inside concrete
containers.

CONCLUSIONS

Scientific support is important part of SNF storage
facility operation. Thermal simulations were done for
the dry storage containers of the Zaporizhska NPP.
Obtained results are significant for the safety analysis
and allow to develop safety assessment process on
scientific base with taking into account physical nature
of processes.
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HAYYHBIE OCHOBBI AHAJIN3A TEILJIOBOM BE3OITACHOCTH CYXOI'O XPAHWJINIIA
OTPABOTABHIET'O AJEPHOI'O TOIIVIMBA 3AITIOPOKCKOMU A3C

C. Anéxuna, A. Kocmuxoe, U. Kopsacuna

Ceituac B YKpawHe SKCIUTyaTHPYETCSl TOJBKO OIHO CyXO€ XpaHWIHIIE OTpabOTaBILETO SAEPHOTO TOILTHBA
(CXOAT) — xpanmwnume Ha 3amopoxckod ADC. CylecTByeT MHOTO MCCJIEJOBAaHUI TEIUIOBBIX IPOLECCOB B
BeHTHIIHpyeMbIX KoHTeHHepax CXOST. B manHO# pabore mpoBeneHO 0000mICHNE HAYYHBIX MTOJXOJOB K OICHKE
TerIoBoH Oe3omacHocTH. Pa3paboTaH MHOTOYpOBHEBBIH MOJIXOJ K ONPEICICHUIO TEIIOBOTO COCTOSHUS TPYIIIBI
KOHTEHHEPOB, OJJMHOYHBIX KOHTEHHEPOB, OTPAOOTABIINX TOIUIMBHBIX COOPOK M TOIUTMBHBIX CTepxHEH. Paccunranbl
JeTalbHBIE TEIUIOBBIE TOJSA OTPadOTAaBIIMX TOIUIMBHBIX COOPOK B cepenuHe KOHTeWHepa i xpaHeHua. C
UCTIONIb30BaHHEM MHOTOYPOBHEBOTO MOAXOAA OBLIO MPOBEAEHO TEIUIOBOE MOJEIMPOBAHHWE M MPOAHAIH3MPOBAHO
BJIMSHUE BHEIIHHMX (DAKTOPOB HA TEMJIOBOE COCTOSHHE KOHTEHHEpOB. Pe3ynbTaThl TEMJIOBBIX MCCIIENOBAHMHA OBUIN
0000IIEHBI M BBIABICHBI (haKTOPBI, KOTOPHIE BIUSIOT Ha TEIUIOBOE COCTOSIHHE KOHTelHepoB. IlpemnoskeH meron
MPOTHO3UPOBaHMS TEIUIOBOTO COCTOSIHUSL OTpa0OTaBIIEro SJACPHOTO TOIUIMBA, W JaHbl PEKOMEHIALUH TI0
YCOBEPILICHCTBOBAHUIO CUCTEMBI TEIJIOBOTO MOHUTOPHUHTA.

HAYKOBI OCHOBH AHAJII3Y TEILIOBOI BE3NEKH CYXOI'O CXOBHIIA
BIIIIPALILOBAHOT'O SIIEPHOTI'O MAJIMBA 3AIIOPI3BKOI AEC

C. Anvoxina, A. Kocmikos, I. Kopazina

3apa3 B YKkpaiHi eKCIUTyaTyeThCs JIUIIEC OJHE CyXe CXOBHIIE BifmparpboBaHOro siaepHoro mammsa (CCBAIL) —
cxoBume Ha 3amopisekii AEC. IcHye Oarato mochikeHb TEIDIOBHX ITPOILECIB y BEHTWIHOBAHHX KOHTEHHepax
CCBHIII. VY naHiit poOOTI IPOBEACHO y3aralbHEHHS HAYKOBHX MiAXOMIB O OIIHKHU TETUIOBOI Oe3mexu. Po3pobieHo
OaraTopiBHEBUH MOXiJ OO0 BU3HAUCHHS TEIUIOBOTO CTaHY TPYIMH KOHTEHHEPiB, ONWHWYHUX KOHTCHHEPIB,
BIJIIPAI[bOBAaHUX TMATUBHUX 301pOK Ta MAJMBHUX CTPHXKHIB. PO3paxoBaHO JeTalbHI TEIJIOBI MOJS BiAMpPAIbOBAHUX
NajJMBHUX 30IpOK BcepeAMHI KOHTeHHepa Juisi 30epiranHs. 3 BUKOPHUCTaHHSIM OaraTtopiBHEBOro mimxoxmy Oyio
MPOBECHO TEIUIOBE MOJICIIIOBAHHS Ta POAHANII30BaHO BILUIMB 30BHIIIHIX (D)aKTOPIB HA TEIIOBUIA CTaH KOHTEHWHEPIB.
Pesysnbraty TEIUIOBHX IOCIHIKEHb OyJiM y3arajbHEHI Ta BUsBIEHI (akTopu, L0 BIUIMBAIOTh HA TEIJIOBUH CTaH
KOHTeHHepiB. 3alponoHOBAaHO METOJI IMPOrHO3YBaHHS TEIIOBOIO CTaHY BiJNPallbOBaHOTO S/IEPHOTO MajHBa, Ta
HaJlaHi IPOIO3HUIIT 10 JI0 BAOCKOHAJICHHS CUCTEMH TEIUIOBOI'O MOHITOPHUHTY.



