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1. Introduction

Spent nuclear fuel that has been withdrawn from
reactor is safely stored and managed in the storage rack
of spent fuel pool for a period of time due to its high
radioactivity and decay heat. The rack structure is
consisted of square boxes to store fuel assemblies at
regular intervals. The storage capacity of the domestic
wet storage site is expected to reach saturation from
Hanbit in 2024 to Sin-wolseong in 2038 and accordingly
management alternatives are urgently taken[1]. Since
installation of the dense rack is considered in the short
term, it is necessary to urgently develop an advanced
neutron absorber which can be applied to a spent nuclear
fuel storage facility. Neutron absorber is the material for
controlling the reactivity. A material which has excellent
thermal neutron absorption ability, high strength and
corrosion resistance must be selected as the neutron
absorber. Existing neutron absorbers are made of boron
which has a good thermal absorption ability such as
BORAL and METAMIC[2]. However, possible
problems have been reported in using the boron-based
neutron absorber for wet storage facility. Gadolinium is
known to have higher neutron absorption cross-section
than that of boron. And the strength of duplex stainless
steel is about 1.5 times higher than stainless steel 304
which has been frequently used as a structural material.
Therefore, duplex stainless steel which contains
gadolinium is in consideration as an advanced neutron
absorber.

In this study, Thermal analysis was conducted to
evaluate the impact of the advanced neutron absorber by
using ANSYS FLUENT v16.2. The main purpose of this
study to confirm the thermal integrity when the advanced
neutron absorber is applied as neutron absorber.
According to reference[3,4], the maximum normal heat
load with normal cooling systems in operation and
assuming a single active failure with a loss of all offsite
power, the bulk temperature of the pool will be kept at or
below 60T (140°F) with maximum heat generation.
Further, coolant must always be able to maintain a
minimum water level which is necessary for decay heat
removal and radiation shielding.

2. Modeling

The Kori unit 1 was set to a reference model in order
to evaluate the cooling capacity of SFP(Spent Fuel Pool).
The specification of the model is 10.439m (W)X 8.636m
(L) X 12.04m (H) and is shown in figure 1. It has been

operated by the forced convection with pump(3000 gpm).
And itis divided into Region I that the fresh fuel is stored
and Region I1 that the fuel which is combusted and came
from reactor can be stored. Therefore, decay heat occur
only in Region Il not Region I. To carry out thermal
analysis conservatively, the CFD model was considered
for a part of the Region Il. The model is consisted of
9X11 rack structures and shown in figure 2. And the
arrangement of rack structures is shown in figure 3[5].
The common neutron absorber is a type of composite
walls such as BORAL and stainless steel. In this
evaluation, the integral structure which contains 1 wt.%
Gd + 1.2wt.% B was modeled. The rack structure is
above the pool bottom and its length is 4.6799m. And the
height of the CFD model is 12.04m.

Figure 1. The reference model

Figure 2. 3D CFD model
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Figure 3. Design concept of rack structures.
2.1. Numerical modeling

Initial pool temperature and inlet temperature are
303.2K and 298.2K. The inlet is the bottom surface of
the CFD model. And the outlet position was assumed to
be the same as the position of the reference model. The
mass flow rate of the reference model is 3000gpm and
that of the CFD model is 185.8gpm when it applied
equivalently. In order to calculate conservatively, the
flow rate was applied as half, 92.9 gpm.

For boundary conditions, no-slip condition and
adiabatic condition were used for the outer wall. The wall
which release heat to the air was applied in consideration
of its correlation with convective heat transfer. The decay
heat is refered in reference[6,7]. The calculated decay
heat for a fuel assembly was 1738W and this value was
applied in each fuel cell.

2.1.1. Porous media model

The rack structures in Region Il are arranged as figure
3, spent fuel assemblies are stored between the internal
and external of the structures. Since the assembly
structure is very complex, it takes a long time to analyze
the shape. Therefore, the fuel region was modeled as
porous media with flow resistances. Equation (1) gives
the FLUETN source term in one dimension. The viscous
term is first, followed by the inertial loss term[8].

—‘;—‘Z’=D-yv+c-§pv- vl @
P: pressure
D: the viscos coefficient

C: the inertial coefficient

p: density
V:velocity

In three dimensions, the coefficients D and C represent
matrices. These values are input parameters for the
FLUENT porous media model.

The viscous resistance was calculated by using
method of friction coefficient as follows. It is assumed
that viscous losses are uniform along the length.
Equation (2) represents the pressure loss over a distance
L with hydraulic diameter, Dy.
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f: friction factor
L:length
Dy: hydraulic diameter

2.1.2. Effective thermal conductivity for porous region

Fuel region was simplified by modeling a uniform area
that occupies a volume of the aggregate. In order to
accurate calculation for the homogenized region, thermal
properties of the region is needed to be determined.

According to reference [9], the ETC(Effective
Thermal Conductivity) can be obtained by using heat
diffusion equation and temperature drops which are
calculated by explicit model.

ke = —2 - 0.2947 3)

4L(Tmax—Ts)

ke:the ef fecitve thermal conductivity of fuel region

L,: the active length of fuel assembly
Tnax: the maximum temperature of fuel region
Ts: surface temperature

In Porous model in FLUENT, the ETC is used in
equation (4)

k=oki+ (1 -k, 4)

k: the effectieve conductivity in FLUNET's porous model

k¢: the fluid conductivity
¢: the porosity in porous region

3. Results and Discussion

Temperature distribution is shown in figure 4. In pool
bottom region near the inlet shows a relatively low
tendency and heat generated from the fuel assemblies is
transmitted to the pool upper region by the vertical flow.
Also, temperature gradient appear in rack structures for
the axial direction and temperature is uniformly
distributed in the pool upper region. Table 1 presents the
calculated results. The maximum temperature is 306.63K
and does not exceed the 333.15K (60°C). The maximum
temperature of the neutron absorber is 306.48K.

In this study, the partial SFP with the neutron absorber
was modeled and thermal analysis of the model was
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conducted to assess cooling capacity. Although it was in
the conservative condition that the pump capacity is half,
it did not exceed the maximum operating temperature.
As results, it is sufficiently accommodate to apply the
advanced neutron absorber to the storage rack.

Table 2. Temperature results

Temperatures Values
Max. partial SFP temperature 306.63K
Min. partial SFP temperature 298.20K
Temperature gradient 8.43K
Max. absorber temperature 306.48K

Temperature
Contour 1

3.066e+002
|. 3.060e+002
3.054e+002
3.048e+002
3.042e+002
| 3.036e+002
3.030e+002
3.024e+002
3.018e+002
3.012e+002
3.006e+002
3.000e+002
2.994e+002
2.988e+002
2.982e+002

K]

Figure 4. Temperature distribution of the CFD model
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