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In the paper the solar influence on the thermal state of storage container with spent nuclear fuel is investigated by
numerical simulation. Thermal simulation for the single container and for the group of containers was carried out.
The daily temperature fluctuations of the concrete container surface under maximum solar influence were
calculated. The absence of solar radiation influence onto the spent fuel assemblies inside storage container is shown.
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INTRODUCTION

Complex safety of the Dry Spent Nuclear Fuel
(SNF) Storage Facility includes thermal analysis of the
main components of storage system. All factors like
outer protection constructions, neighboring containers,
weather etc. should be taking into account.

At the safety analysis of the dry SNF storage
container, which is operated on the open-site storage
facility, the heat received by a container from solar
irradiance must be taken into account. This is evaluated
using the IAEA recommendations [1]. It is assumed that
during the daylight heat flux of solar irradiance to the
horizontal surface (to the top surface of the container)
equals to 800 W/m* and the one to the vertical surface
(the cylindrical surface of the container) equals to
200 W/m?  Traditional ~approach in  numerical
simulation of the solar influence on the containers with
spent nuclear fuel consists in the setting solar heat flux
onto the surfaces of containers. However, in this
approach the heat flux is usually considered as constant
value [2] or influence of neighboring containers and
protection constructions is not taken into account [3].
Another approach at the thermal simulation consists in
increasing the ambient air temperature. It was used in
[4] and at the previous authors' simulations [5, 6].
Unfortunately, this approach does not give correct
results due to impossibility to detect the value, which

should be added to the normal ambient temperature.
Therefore, both approaches are not useful for solar
influence estimation at the dry spent nuclear fuel storage
on the open-site facility.

The purpose of this paper is numerical unsteady
simulation for detection of solar irradiance and its daily
fluctuation onto the thermal state of containers with
spent nuclear fuel.

1. PROBLEM DEFINITION

At the assessment of SNF storage containers'
thermal state on the Dry SNF Storage Facility of
Zaporizhska NPP it is necessary to detect the solar
influence on the concrete container and on the spent fuel
assemblies inside container.

The dry storage containers are operated on the open-
site storage facility (Fig.1). The most dangerous
operating conditions from the thermal point of view is a
summer and the longest day with the maximal solar
irradiation.

Storage container was considered with assumption
that all 24 spent fuel assemblies are loaded with the
highest acceptable decay heat 1 kW [7] of each. Due to
low decreasing of the decay heat during whole period of
storage it value was not varying at calculation of the
daily temperature variation.

Fig. 1. Dry SNF Storage Facility on Zaporizhska NPP
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2. METHODOLOGY

The problem was considered in conjugate transient
formulation with usage of the mathematical model,
which is described in [6, 9].

For the detection of solar influence on the single
located container the calculation area was chosen
according to Fig. 2. Container is represented as a hollow
cylinder. Boundary conditions are next:

— the heat flux on the inner surfaces (B, Bg, Bg). Its
values are optioned from results calculated in [6] using
methodology described in [8];

— the zero heat flux on Bg due to low level of heat
exchanging with ground;

— the atmospheric pressure and temperature on the
surfaces B; — Bs while taking into account the daily
variation of temperature.
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Fig. 2. Calculation area for single container

The temperature measurements during last 7 years
were analyzed for the setting up of the daily variation of
temperature. The highest temperature and its
fluctuations during the longest summer day (21 June)
were chosen as a boundary condition (Fig. 3).
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Fig. 3. Daily variation temperature

Solar radiation intensity was specified as a piecewise
linear function:
0:00 < t<6:00:q = 0;
6:00 < t<10:00:q = 137.5-t-275;
10:00 < t <14:00:q = 1100;
14:00 < t< 19:00:q = 2640-110-t;

19:00 <t<24:00:q=0.
Position of the sun on the sky during the day
(altitude h and azimuth A) is calculated according to the
next formulas [10]:

sinh=cos@-C0Sd-COST+SIN@-SINJ;
C0sd-sint
cosh

sin A=

where ¢ = Lom | 360 — aberration of the sun from position
24

at midday, degree; 5:23,5.3"1(2“0') — declination of
365

the sun, degree; ¢ — latitude; ty,, — time after sun
midday; d — numbers of day after vernal equinox.

For the study of solar influence on the containers’
group the part of storage platform with 50 containers
was considered (Fig. 4). The same boundary conditions
were applied but surfaces B; and B, were divided by
two parts: the atmospheric pressure and the daily
varying temperature on By, and Bs; absence of heat
flux on By, and Bs, (parts of surfaces which
corresponds to Storage Facility protection wall).
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Fig. 4. Calculation area for containers’ group

3. RESULTS DISCUSSION

The temperature variation on cylindrical surface of
single located container depending of the side of the
world and location by height from platform is presented
on Fig. 5.

The lowest temperatures on container's surface are
from north side where insolation is absent. It is typical
for the northern hemisphere and for the latitude of
storage platform location. The eastern and western part
of storage container are under lower insolation than
south part but the maximum temperature during the day
is reached on the western side. It is caused by next
factors: the western side after night cooling is heated
during the first part of day due to increasing of ambient
temperature; during the second part of day it is heated
by solar radiation. So, eastern part has lower
temperature than western side on the moment of the
solar irradiance starting. Since during the light day the
western and eastern parts of container got equal solar
energy so temperature of western part become higher.
The temperature state of southern part of container is
between of these two cases because its pre-heating by
increasing ambient temperature is less than western part.




The temperatures of container surface are different
on height of container, which is caused by outer factors
influence. The lowest temperatures are on top part of
container because this part is under the influence of
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intensive convective flows and heat is removing
quickly. The highest temperatures are in bottom part of
container. It, probably, caused by stagnation regions of
ambient air, which decrease of convection intensity.
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Fig. 5. Container surface temperature varying with time: a — north; b — east; ¢ — south; d — west

Three levels (1.45, 2.90, 4.35 m from platform) on
each side of container and four points (0, 0.07, 0.17,
0.34 m from container surface) on each level were
selected. For these points the temperature variation in
time was analyzed.

Amplitude of the daily temperature variation on the
west side is the highest, so, container is warming up
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For the northern side of container, which has the
lowest temperatures and temperature gradient during the
day, the warming up of concrete shell (Fig. 7) has the
same tendency as for western side. During the day
temperature varies mostly on the outer surface of

from the west side (Fig. 6) more than from other sides.
The temperature on the surface of container is
intensively varying than inside concrete shell. The
temperature level inside concrete container is higher
than the one on the surface and almost doesn't varying
during the day, which is caused by heat flux coming
from spent fuel assemblies.
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Fig. 6. Warming up of container from west side
(a—1.45 m from platform; b — 2.90 m from platform;
¢ — 4.35 m from platform)

container. The temperature inside concrete container
stays stable.

For both presented container sides on distance
0.34 m from surface the temperature does not vary. The
level of temperatures is decreased in direction to the



outer container surface along with increasing of the
daily temperature variation. These statements are
correct for eastern and southern sides too.
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Fig. 7. Warming up of container from north side
(a—1.45 m from platform; b — 2.90 m from platform;
¢ —4.35 m from platform)

As results shown the largest temperature fluctuations
are on the surface of containers. This fact can results
microcracks in concrete containers, which were visually
detected on surfaces (Fig. 8). Thermal fluctuation can
decrease the container durability together with the
irradiation embrittlement. It is especially dangerous in
winter when ambient temperatures become lower than
zero centigrade and water (melted snow, rain, mist etc.)
can froze inside these microcracks.

The density of total radiation heat flux onto the
surfaces of containers in the end of period of maximum
solar influence (14 pm) is shown on Fig. 9. The negative
values show heat flux that absorbed by surfaces (dark
zones), the positive ones show heat flux that is emitted
by surfaces (light zones). The largest heat comes to the
horizontal surface of the storage platform. The zones,
which are shaded by containers or protection wall, emitt
heat. The containers' surfaces inside the group derive
small solar irradiation.

The temperature of the surfaces of the components
of the Dry SNF Storage Facility (Fig. 10) for the same
time (14 pm) is varying between 312 K (39 °C) and
380K (107 °C). The top part of containers is more
heated because they are under the direct solar influence
during all light day and are not shaded by protection
wall or other containers. The cylindrical surfaces are
less heated because other containers shade them time to
time during the day and their cooling by convection are
more intensive. The surface of storage platform is
heated non-uniformly, their temperature varies between
22K (49°C) and 352K (79°C), the highest
temperatures are in transport zones, the lowest ones are
between containers.

Due to difficulties of detection of neighboring
containers influence on each container in the group the
conservative approach could be used. So, the shadow
from other containers and protective wall could be
neglected. In conservative approach (without shadows)
the cylindrical surface will gather more heat and the
safety requirements should be observed even in this
conditions.
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Fig. 8. Microcracks on the surfaces of storage containers
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Fig. 10. Temperature field of concrete surfaces of storage facility components

CONCLUSIONS

1. Results of numerical simulation are shown that
solar irradiation does not have influence on spent fuel
assemblies, which placed inside storage container.

2. Solar irradiance has influence on the concrete
container and its value is changed by container
perimeter depending on the side of the world. The
largest temperature fluctuations are on the west surface
of container, the lowest are on the north one.

3. Warming up of concrete container is not-uniform
by thickness. Solar influence and daily ambient
temperature fluctuations is observed only up to 30 cmin
depth from outer container surface. Temperature
fluctuations in bottom part of container are higher due
to low convective heat exchange with concrete platform.
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BJIUSHHUE COJTHEYHOT'O U3JIYYEHUSA HA KOHTEWMHEP CYXOI'O XPAHEHUS
OTPABOTABHIET O AAEPHOI'O TOIIVIMBA

C.B. Anéxuna, C.C. Kany3a, A.O. Kocmukoe

ITyTteM 4nCIICHHOTO MOAENMPOBAHUS HCCIEIOBAHO BIMSHUE COJHEYHOTO HM3IYUYCHHUS HAa TEIJIOBOE COCTOSHHUE
KOHTCHHEpa C OTpabOTaBIIMM SACPHBIM TOIUIMBOM. TEIUIOBBIE HCCIEJOBAaHHSA BBINOIHEHBl UL OTACIHHO
PAcIIONI0XKEHHOTO KOHTEIfHepa W I IPyNIbl KOHTEHHEPOB. BEIYHMCIEHBI CyTOYHBIE KOJEOAHUS TEMIEPATYpPHI
OCTOHHOW MOBEPXHOCTH KOHTEHHEpa NpPH MaKCHMalIbHOM CONHEYHOW Harpyske. [loka3aHO OTCYTCTBHE BIHSTHUS
COJIHEYHOT'O M3JIy4eHUs Ha 0Tpa0OTaBIINE TOILIMBHBIE COOPKHU B CepeInHE KOHTEHHepa XpaHEeHHS.

BILJIUB COHSYHOI' O BUITPOMIHIOBAHHSI HA KOHTEHHEP CYXOT'O 3BEPITAHHA
BIAIIPAIIBOBAHOTI'O SAJEPHOT O ITAJIMBA

C.B. Anvoxina, C.C. Kanysa, A.O. Kocmikoe

LIngXoM 4YHCENBFHOTO MOZENIOBAHHS JOCIHI/KEHO BIUIMB COHSYHOTO BUIIPOMIHIOBAaHHS Ha TEIUIOBHH CTaH
KOHTEWHepa 3 BiINparlbOBaHUM SICPHAM MATUBOM. TeIUIOBi JOCHTIKEHHS BUKOHAHI UL OKPEMO PO3TAIIOBAHOTO
KOHTeWHepa Ta ais Tpynu KoHTelHepiB. OOumcieHi M000BI KOJMBAaHHSA TeMIEpaTypd OCTOHHOI ITOBEpXHi
KOHTEHHepa IpH MAaKCHMAaJbHOMY COHSYHOMY HaBaHTaxeHHi. [loka3aHO BiJCYTHICTh BIUIMBY COHSYHOI'O
BUIIPOMIHIOBAaHHSI Ha BiJIPallbOBaHI MaJIMBHI 301pKHU B cepellHI KOHTelHepa 30epiraHHs.



