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Spent nuclear fuel should be kept under safe management until it is disposed of perma-
nently. Because of this, it is important to understand its radiation release characteris-
tics. In this paper, the Monte Carlo method is applied to evaluate the radiation release
characteristics of two types of PWR spent fuel assembly generated from the operating
plants in Korea: Westinghouse and Korea Standard Nuclear Power Plant. The source
terms were calculated using ORIGEN-ARP. The neutron and photon (or gamma)
dose distributions along the vertical and horizontal directions of each spent fuel as-
sembly were evaluated using MCNPX code. Compared with the two dose distribu-
tions, the photon dose was found to be about 105 times higher than the neutron dose.
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INTRODUCTION

Spent nuclear fuel contains high concentrations
of radioactive material that is generated due to nuclear
reactions. Since the radioactive material can have del-
eterious effects on humans and on the environment,
spent nuclear fuel should be kept under safe and strict
management until it can be disposed of permanently.
For the purpose of managing it safely, it is important to
know its properties, particularly the radiation release
characteristics.

In this study, the Monte Carlo method was ap-
plied to evaluate the radiation release characteristics of
two types of PWR spent fuel assembly generated from
the operating plants in Korea: Westinghouse type and
Korea Standard Nuclear Power Plant (KSNP) type.
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The neutron and photon dose distributions along the
vertical and horizontal axes of each spent nuclear fuel
assembly were calculated and compared. This com-
parison has produced the ratios of the two dose distri-
butions, which can be used as criteria to determine if
the fuel assembly is intact, with the help of an appro-
priate instrument, assuming that the ratio changes at
the locations where the defects occur.

RADIATION RELEAS
CHARACTERISTICS EVALUATION

A Westinghouse 17 x 17 fuel assembly of Kori
units 3 & 4 [1]and a KSNP 16 x 16 fuel assembly of
Ulchin units 5 & 6 [2] were chosen to be evaluated.
The Westinghouse type fuel assembly consists of
248 fuel rods, 16 burnable absorbers (UO,-Gd,0;,
U0, 2.6%, Gd,0; 6%), and 25 guide tubes. The
KSNP type fuel assembly consists of 236 fuel rods
and 5 guide tubes whose size is equivalent to 4 fuel
rods. Table 1 summarizes the main parameter values
of each fuel assembly. From the preliminary study
[3], the axial burn-up profiles of the two fuel assem-
blies exhibit a similar shape, that is, the burn-up de-
creases at the top and at the bottom of the fuel assem-
bly where a flux gradient is caused by neutron
leakage.
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Table 1. The main parameter values of each
fuel assembly

Value
Parameter Westtinghouse KSNP type
ype
Fuel temperature [°C] 600 687.8
Coolant temperature [°C] 310 312.2
Fuel pin radius [cm] 0.4096 0.4015
Air gap thickness [cm] 0.0082 0.0165
Cladding thickness [cm] 0.0572 0.0570
Fuel pin pitch [cm] 1.2598 1.2850
Total fuel rod length [cm] 409.3667 409.54
Active fuel length [cm] 397.50 381.5
The storage rack pitch [cm] 27.40 27.40
Fuel enrichment [%] 4.1 4.5

For the source term evaluations, ORIGEN-ARP
[4], which is a part of the 5.1 version of the SCALE
(Standardized Computer Analysis for Licensing Evalu-
ation) package, was used. Though it does not include
the nuclear data library for 16 x 16 fuel assembly, the
ORIGEN-ARP was applicable to the source term evalu-
ation of the KSNP 16 x 16 fuel assembly since it is very
similar to the Westinghouse 17 x 17 fuel assembly, re-
garding the size, material composition, and geometry.
The common assumptions for the source term evalua-
tion are as follows: burn-up of 48 000 MWD/MTU,
average power of 38.54 MW/MTU, and cooling time of
9 days.

Under the above assumptions, the neutron and
photon source terms necessary for the Monte Carlo sim-
ulation were evaluated using ORIGEN-ARP. For the
neutron source terms, the neutrons generated from («,

n) reaction, spontaneous fission neutrons, and delayed
neutrons were considered. The photons generated from
the light elements, actinides and fission products were
used as the photon source terms. Table 2 summarizes
the neutron and photon source terms evaluated by
ORIGEN-ARP, respectively.

For the Monte Carlo simulation using MCNPX
code [5], considering the characteristics of two fuel as-
semblies where the same geometries are repeated,
universeal fill cards were used to construct the input ge-
ometry of the fuel assembly, as shown in fig. 1.

In the Monte Carlo calculation, tally cards were
used to specify the type of information that the user re-
quires from the calculation. F4 tally (flux averaged over
a cell) and segmentation tally were used to assess the
neutron and photon dose in this study, respectively. F4
tally calculates the average number of particles entering
a unit cell, so its unit is particles/cm?.

The segmentation tally subdivides a cell or a sur-
face, which is the object of a dose assessment, into seg-
ments for tallying purposes, and assesses the radiation
dose in each segment. In this study, this tally assessed
the radiation dose distribution along the axial direction
of the fuel assembly, as shown in fig. 2. Each section
was at 5 cm intervals.

In order to assess the radiation dose distribution
along the horizontal direction of the fuel assembly,
each different location was designated and shown in
fig. 3 as tally 1 to tally 6 marked in the upper
right-hand side in fig. 3. The tally was assumed to be a
cylinder with a radius of 1 cm.

Table 2. Source terms of two types of spent nuclear fuel assemblies

Neutron source term (#/fuel rod) Photon source term (#/fuel rod)
Ener[%\}/ielg]e val Westinghouse KSNP Energy interval [MeV]| Westinghouse KSNP
1 1.00E-11~1.00E-08 2.51E-06 2.40E-06 1.00E-02~5.00E-02 3.25E+14 3.39E+14
2 1.00E-08~3.00E-08 5.24E-06 4.84E-06 5.00E-02~1.00E-01 1.21E+14 1.27E+14
3 3.00E-08~5.00E-08 6.62E-06 6.06E-06 1.00E-01~2.00E-01 1.67E+14 1.73E+14
4 5.00E-08~1.00E-07 2.14E-05 1.95E-05 2.00E-01~3.00E-01 6.79E+13 6.97E+13
5 1.00E-07~2.25E-07 7.57E-05 6.87E-05 3.00E-01~4.00E-01 6.21E+13 3.49E+13
6 2.25E-07~3.25E-07 7.81E-05 7.08E-05 4.00E-01~6.00E-01 1.93E+14 1.99E+14
7 3.25E-07~4.00E-07 6.75E-05 6.12E-05 6.00E-01~8.00E-01 3.00E+14 3.17E+14
8 4.00E-07~8.00E-07 4.63E-04 4.20E-04 8.00E-01~1.00E+00 5.07E+13 5.28E+13
9 8.00E-07~1.00E-06 2.83E-04 2.57E-04 1.00E+00~1.33E+00 1.49E+13 1.49E+13
10 1.00E-06~1.13E-06 2.00E-04 1.81E-04 1.33E+00~1.66E+00 8.83E+13 9.31E+13
11 1.13E-06~1.30E-06 2.79E-04 2.53E-04 1.66E+00~2.00E+00 1.96E+12 1.93E+12
12 1.30E-06~1.77E-06 8.63E-04 7.82E-04 2.00E+00~2.50E+00 3.90E+12 3.90E+12
13 1.77E-06~3.05E-06 2.93E-03 2.65E-03 2.50E+00~3.00E+00 2.75E+12 2.90E+12
14 3.05E-06~1.00E-05 2.58E-02 2.33E-02 3.00E+00~4.00E+00 2.32E+10 2.44E+10
15 1.00E-05~3.00E-05 1.30E-01 1.18E-01 4.00E+00~5.00E+00 9.25E+04 8.40E+04
16 3.00E-05~1.00E-04 8.31E-01 7.53E-01 5.00E+00~6.50E+00 3.71E+04 3.37E+04
17 1.00E-04~5.50E-04 1.18E+01 1.07E+01 6.50E+00~8.00E+00 7.27E+03 6.60E+03
18 5.50E-04~3.00E-03 1.50E+02 1.36E+02 8.00E+00~1.00E+01 1.54E+03 1.40E+03
19 3.00E-03~1.70E-02 2.03E+03 1.84E+03
20 1.70E-02~1.00E-01 2.83E+04 2.57E+04
21 1.00E-01~4.00E-01 1.92E+05 1.74E+05
22 4.00E-01~9.00E-01 4.19E+05 3.80E+05
23 9.00E-01~1.40E+00 4.21E+05 3.82E+05
24 1.40E+00~1.85E+00 3.41E+05 3.11E+05
25 1.85E+00~3.00E+00 6.63E+05 6.05E+05
26 3.00E+00~6.43E+00 6.02E+05 5.50E+05
27 6.43E+00~2.00E+01 5.26E+04 4.75E+04
Total 2.72E+06 2.48E+06 1.40E+15 1.46E+15
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Figure 1. Sectional view
of two fuel assemblies
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Figure 2. Conceptual diagram of the segmentation tally
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Figure 3. Conceptual view of the tallies along the vertical
and horizontal directions

RESULTS AND DISCUSSION

To calculate the radiation dose at the outside sur-
face of the fuel assembly, the tallies assessed previ-
ously were multiplied by the initial particle numbers of
the source terms evaluated by ORIGEN-ARP. The
neutron and photon dose can be obtained by multiply-
ing the tally value converted considering the dose con-

Tally 6 “.““ Tally 6
Tally 5 ® Tally 5
Tally 4 O Tally 4
Tally 3 % Tally 3
Tally 2 ! Tally 2
Tally 1 % Tally 1
@
Guide tube ' |/@
S < Guide tube
U0,-Gd,0, g Fuel
O ®

(b) KSNP type

version factors of ICRP-74 [6] by the initial particle
number per fuel rod and fuel rods per assembly.

The vertical dose distributions of a fuel assembly
were evaluated at 6 different locations along the hori-
zontal direction. Figures 4 and 5 show the results of the
neutron dose assessment and photon dose assessment
of each fuel assembly, respectively.

As shown in tab. 3, the photon dose (~107cSv/h)
was about 10° times higher than the neutron dose
(~10? cSv/h) for both two cases. This was attributed to
the difference between the penetrating powers of neu-
trons and photons in material and the difference be-
tween the initial particle numbers per fuel rod, . e. the
source term.

The simulation showed that the neutron tally per
particle was 10* times higher than the photon tally. In
general, a fuel assembly is composed of high atomic
number materials. When neutrons and photons pass
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Figure 4. Evaluation results for the neutron dose [eSvh]
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Figure 5. Evaluation results for the photon dose [cSvh™]

Table 3. Ratio of the photon to neutron dose

Fraction (photon dose/neutron dose)
Tally # -
Westinghouse KSNP

1 2.188E + 05 1.979E + 05
2 2.175E + 05 2.016E + 05
3 2.191E + 05 2.025E + 05
4 2.227E + 05 1.997E + 05
5 2.272E + 05 1.983E + 05
6 2.187E + 05 1.976E + 05

through the structure of the fuel assembly, the photons
whose penetrating powers are lower than those of neu-
trons are more reduced inside it. Hence, the neutron
dose outside the fuel assembly would be 10* times
higher without considering the initial flux. Since the
initial number of photons is much higher than that of
neutrons, however, considering all these factors, the
photon dose was found to be 103 times higher than the
neutron dose.
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Iy Xjan MYH

KAPAKTEPU3AIINJA EMUCHUIE 3PAYEIA U3 UCIHYXEHOI
PWR T'OPUBA HYKIIEAPHUX EJEKTPAHA Y KOPEJA

HcnyxeHuM HyKJieapHUM TOPUBOM, ITPE HErOBOT KOHAYHOT Ofjjlarama, IOTPeOHO je yIpaB/baTi
Ha curypad HauuH. OTya je 3HauyajHO MO3HAaBaTU OCOOWMHE eMHCHje 3padyema U3 Hera. Y OBOM pajy
npuMeneHa je Monte Kapno Metona f1a ce oieHe ocoOuHe eMucHje 3pavetha IBe BpcTe ueayskeHnx PWR
ropuBHUX aHcamOana HacTainux y KopejckuMm HykieapHUM eleKTpaHama y pajay: BecTunrxaycoBum
HYKJIEApDHUM eJIeKTpaHaMa U KOPEjCKUM CTaHapAHUM HYKJIEApHUM elleKTpaHama. VI3BOpHU WIaHOBU
pauyHaTu cy kopuinheteM ORIGEN-ARP nporpama. Pacrionene HeyTpoHCKUX M (DOTOHCKUX (MM raMa)
1032 y BEpTUKAJIHOM U XOPU30HTAJIHOM IIPaBIly CBAaKOTI aHCaMOJ1a UCITY>KeHOT ropuBa onemene cy MCNPH
xostom. ITopehemeM pacnosiena fo3a yrepheHo je a je fo3a orona oko 10° myra Beha of1 03e HeyTpoHa.

Kmwyune peuu: ucayrcerno 2opuso, 0cobure emuciije 3paiersa, U3gop 3paderba, 003a HeyipoHa, 003a
2ama 3padersa




