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5 yrs and 50 mSv/yr).

INTRODUCTION

The first commercial nuclear power plant in Korea has
been operating since 1978 and 23 units nuclear power plants
are currently in operation. However, the design life of 12 units
will end within 2030 and the design life of KORI-1 and
WOLSONG-1 already ended in 2007 and 2012, respectively.
KORI-1 was granted an extended life to 2018, but WOLSONG-
1 remains undecided (Table-1). Although the Korea Atomic
Energy Research Institute (KAERI) carried out the decom-
missioning of research reactors from 1999 to 2012, there
remains no decommissioning experience for domestic com-
mercial nuclear power plants. Therefore, the development of
a decommissioning technology is required for the coming
domestic commercial nuclear power plant decommissioning.

Meanwhile, to ensure safety by eliminating the various risk
factors and improve the economics by the establishment of cost-
cutting measures, a radiological assessment is needed for the
decommissioning of an nuclear power plant after shutdown, as
differs from an industrial facility. According to the US DOE
report, the radiological risk in decontamination and decommis-
sioning activity was 67 %' and because the radiological risk is
closely related with the dose exposure of workers, a reasonable
scenario considering the radiological risk is needed to reduce
the exposure to workers. Thus a radiological assessment is
required for designing a reasonable decommissioning scenario.
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TABLE-1
STATUS OF DOMESTIC NPP PREDICTED DESIGN
LIFE TERMINATION WITHIN 2030

Unit Sttaiﬁl:g Egiizg C(%:)y Type Note

KRI* 1978  2007.06 587  Ppwr  xtensionlife
(10 yrs)

WSl 1983 201211 679  PHWR  Uncertain

KR2 1983 202304 650  PWR

KR3 1985 202409 950  PWR

YKI 1986 202502 950  PWR

KR4 1986 202508 950  PWR

WS2 1997 202611 700  PHWR

YK2 1987 202609 950  PWR

Wil 1988 2027.12 950  PWR

WS3 1998 202712 700  PHWR

WI2 1989 202812 950  PWR

WS4 1999 202902 700  PHWR

*KORI-1 was re-operated from 2008

The stages of the decommissioning plan are generally
divided into two parts: one is the radiological survey and
characterization and the other is the establishment of the
decommissioning plan itself. A radiological assessment for
decommissioning can then be divided into the assessment of
the radioactivity inventory of the main components and a space
dose assessment of the facility®. In particular, to design the
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decommissioning scenario under the ALARA principle and
to calculate the exposure dose rate for workers, the assessment
of the space dose of the facility is important.

In this study, the space dose distribution around the RPV
and the biological shield in Kori-1, which are the main compo-
nents in an nuclear power plant, was assessed for utilization
of a reasonable design of the decommissioning scenario.

EXPERIMENTAL

The study areas were selected from the following assump-
tions: First, the radiation has had no effect outside of the
biological shield. Second, there was no effective valid work-
space for decommissioning except for the selected areas. The
modeling and simulation were conducted by following three
main steps.

Geometrical structure modeling: The RPV (Red) is an
overall cylindrical-type structure and its head and bottom are
a hemispherical-type. The height, diameter and maximum
thickness of the RPV are 1,147 cm, 169 cmand16.8 cm,
respectively. Two pairs of nozzles are positioned at the upper
part of the RPV. The biological shield (green) can be divided
into two parts, a lower part and an upper part: The lower part is
a cylindrical-type structure with a range of thickness of 200 to
267 cm. The upper part is a rectangular-type with a thickness of
about 30 cm. The internal size of the upper part is 860 x 670 x
700 cm and the lower part is ¢ 250 x 1, 250 cm. The materials
of the RPV and biological shield are carbon steel (7.86 g/cm?)
and concrete (2.24 g/cm’), respectively. The data of geometrical
structure are based on the blue print of the nuclear power plant
and the geometrical model is shown in Fig. 1.
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Fig. 1.

Geometrical model of KORI-1 RPV and biological shield; (a: vertical
cross section (Z-axis), b: horizontal cross section at the RPV pool
(X-Y plate)andc: horizontal cross section at the nozzle area)

Source modeling: A “’Co nuclide was chosen as the main
effective radio nuclide because it is a relativity long-lived
nuclide among the generated radio nuclides during the
decommissioning and contributes greatly to the exposure dose
of workers. The concentration of “Co at the reactor core was
obtained from the existing research data®. In this study, in order

to obtain the value of the radioactive inventory as MCNP input
data, it was assumed that the nuclear power plant operated for
40 years and cooled for 5 years after shutdown.

For the reasonable simulation, the active reactor core was
divided into 3 parts from top to bottom. In general, the value
of the radioactive inventory at the center of the reactor core is
about 1,000 times higher than the value at the end of the core*.
The radioactive inventory of the RPV at Rancho Seco showed
similar results®. In this study, it was assumed that the concen-
tration of “’Co in each part was changed stepwise, even though
it originally had a continuous distribution and the value of the
center part was 1,000 times higher than other parts, as shown
in Fig. 2.
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Fig. 2. Concentration of Co nuclides at the RPV according to the location

Method of dose assessment: An MCNP code (build 1.40)
was used to calculate the space dose distribution around the
RPV and biological shield.

The regions of the dose calculation were composed of
two parts; one is between the RPV and biological shield of the
cylindrical-type (lower part) and the other is at the RPV pool
of the rectangular-type (upper part) (Fig. 1-b,c). To calculate
the space dose distribution, the regions of the upper and lower
part were separated. The upper part was separated by a total
of 3,808 measurement points (17 x 14 x 16). The size of each
measurement point was approximately 50.8 cm x 50.1 cm X
49.3 cm (Fig. 3-a). The lower part was separated by a total of
2,688 measurement points. The measurement points in the
lower part were separated by the following steps: First, the
lower parts are distinguished by 4 parts (Fig. 3-c) and second,
the size of each point was separated by approximately 22.50°
x 29.8 cm (Fig. 3-b). The dose was calculated by an fmesh-
tally function for 6,496 dose measurement areas around the
RPV and its surroundings. The dose calculation was calculated
by the fmesh-tally function and the output of the fmesh-tally
was converted into the dose rate by a flux-to-dose conversion
factor from ICRP 60.

RESULTS AND DISCUSSION

To measure the space dose distribution around the RPV
and biological shield, two regions were analyzed. One was
the region between the RPV and biological shield, which is
predicted to have a high dose rate and the other was at the top
of the biological shield, which is used by most decommis-
sioning workers.
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Fig. 3. Regions of the dose calculation; (a: measurement points at horizontal
cross section at the RPV pool (X-Y plate), b: measurement points
at horizontal cross section at the nozzle area, c: the separated parts

at the RPV)

The dose rates between the RPV and biological shield
were changed along the height of the RPV, as shown in Fig. 4.
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Fig. 4. Dose distribution between RPV and biological shield (z-axis direction)

The maximum dose value was 22.9 Sv/h and the height
of the maximum dose value point was 4.35 m from the bottom
of the RPV. As it became far in the highest measurement point,
the value became low (bell-shaped distribution). The reason
for this is that the radioactive inventory at the center of the
reactor core is high.

The dose rates at the top of the biological are shown in
Fig. 5. The minimum value (1.2 mSv/h) was shown in the
center of the upper area at the RPV headandmaximum values
(10.8 mSv/h) were present at the center of both ends on the
Y-axis (x : 70 cm, y : -310 cm and x : -32 cm, y : 341 cm),
respectively. These results mean that decommissioning work
with direct access of the worker is permissible at above a height
of about 1,000 cm, but decommissioning work with direct
access of the worker needs protective actions under a height
of about 1,000 cm. Fig. 5 also shows that the values (approxi-
mately 7.5 mSv/h) of both ends on the X-axis (x :-336.74 cm,
y:-9.54 cmand x : 323.76 cm, y : -9.54 cm) were lower than
the values of both ends on the Y-axis. The reason for this is
that two pairs of nozzles were located in near both ends of the
X-axis. The two nozzles functioned as a shielding
materialandthus relatively low values were shown at both ends
of the X-axis.

Through these two results, it was confirmed that the work-
ing plate showed a relatively low activation and the area of the
working plate, the height of which is 148-197 cm also had a
low space dose. The workers will be exposed to relatively low
radiation at this area. According to the domestic criteria, the
dose limits for workers are 100 mSv/S yrs and 50 mSv/yr.
From these calculation results, it is apparent that the dose is so
high that workers cannot work around the RPV without radia-
tion protection. However, these values can be decreased
through several methods such as decontamination steps to
reduce the radioactivity and cooling time.
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Fig. 5. Dose distribution at the top of the Biological shield

Conclusion

In this study, the distribution of dose rates around the RPV
and biological shield at Kori-1 were calculated using an MCNP
code and assessed. Assuming that the nuclear power plant
operated for 40 years and cooled for 5 years after shutdown, the
highest dose value was 22.9 Sv/h at 4.35 m high in the RPV and
the lowest dose value was 10.8 mSv/hat the top of the biological
shield. However, these values can be decreased through the
several decontamination steps to reduce the radioactivity.

This result will be utilized as basic data to design a rea-
sonable decommissioning scenario. A future plan is to assess
the distribution of space dose including various factors such
as the cooling time and decontamination methods and adding
the internal structure of the RPV.
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