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1. Introduction

In nuclear power plant, most activated components
and structures are reactor pressure vessel, reactor vessel
internal and bio-shield. Caused by neutron absorption
reaction - (n, y), (n, p), (n, 2n), and (n, o), these
components irradiated by high intensity of neutrons for
the period of nuclear power plant operation are
activated.

Generally, the material for reactor vessel is carbon
steel with stainless steel cladding inside wall and
insulation outside wall of it, for reactor vessel internal
is stainless steel and Inconel, for bio-shield is concrete.

When nuclear power plant is decommissioned,
before actual dismantling activities are begun at site,
activation evaluation should be done to prepare cutting
plan, equipment design, radioactive waste quantity
calculation, and to distinguish the waste level.

Monte Carlo methodology based on MCNP [1] and
ORIGEN codes are used to calculate neutron flux on
each position of components and specific activity after
some years of cooling time. And finally, activation
evaluation data is produced.

The main nuclides to impact activation of material —
carbon steel, stainless steel and concrete — are Co®,
Ni*?, Ni®, Fe>*, Mn**, Nb** for carbon and stainless
steel [2], H3, C'*, Co%°, Mn>* for concrete.

2. Methods and Results
2.1 Methodology

The exact method to analyze activation
characteristics on each position of materials,
measurement for the specimen collected from the
original body is the best way. However, it does not
guarantee the representativeness for the components
and structures. So, computer program, especially,
Monte Carlo methodology based MCNP and ORIGEN-
S are widely used for neutron source term, neutron flux
and specific activity calculations.

2.2 Geometry Description

2.2.1 Fuel Assembly

Westinghouse designed nuclear power plant which
has full core loaded with 121 fuel assemblies of 14 x 14

type. It is composed of 179 fuel rods including UO;
pellets with Zircaloy-4 clad, 16 guide thimble tubes and
1 instrumentation tube with Zirconium material. Fuel
data on each cycle for U initial enrichment, power
density, burn-up, etc., are referenced with NDR report.
It is assumed that nuclear power plant has been
operated for 40 years with 32 cycles.

L4

.
8 Ful rod
o

0060 0000 0888 = uwrce
00000000000008 =

0000000000000

Fig. 1. Westinghouse Type 14 x 14 Fuel Assembly
2.2.2 Reactor Pressure Vessel, Internal and Bio-shield

Reactor vessel is the component enclosing internal
structures and fuel assemblies. It is composed of shell,
top/bottom heads, 2 inlet / 2 outlet nozzles and 33 ICI
nozzles. Material is forged carbon steel except ICI
nozzles with Inconel. There is stainless steel cladding
inside wall of it and insulation outside of it.

Reactor vessel internal is the nearest component to
fuel assemblies with supporting them. It is composed of
stainless steel material with some Inconel parts and
divided into upper and lower section. In case of
Westinghouse type PWR nuclear power plant, the
representative lower one is baffle, former, core barrel
and thermal shield. Upper internal is composed of guide
tube assembly, lots of support columns and plates, etc.

Bio-shield is the concrete structure surrounding all
reactor pressure vessel and internal components. The
shape is rectangular parallelepiped and it is located
below reactor cavity structure. There are 8 ex-core
detectors inside bio-shield with arraying circumferential
direction around reactor vessel which is empty space
with detectors.

2.2.3 Chemical composite composition for materials

Chemical composite composition for all materials —
stainless steel, carbon steel, Inconel and concrete —
applies the data described in NUREG/CR-3474 [3]
which is the standard one and includes information of
impurities as exactly as possible.
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Fig. 2. 3D Model on Reactor Pressure Vessel, Internal and
Bio-shield

2.3 Results and Discussion
2.3.1 Neutron Flux Calculation

Time dependent neutron flux is calculated on each
position using MCNP program. First, neutron source
term should be calculated. Full core 121 fuel assemblies
are divided into two regions, the one is burned fuels,
the other is newly loaded fuels. In this study, averaged
initial enrichments and burn-up conditions are applied
for all burned fuels, and specific characteristics are
applied for newly loaded fuels. So, from the 1* cycle to
9% cycle, the outer region is newly loaded fuels and the
inner regions are burned fuels, and from 10" cycle to
32" cycle, vice versa.

As the result of neutron flux calculation on each
components of reactor pressure vessel, internal and bio-
shield, high neutron flux can be obtained for the
components close to the reactor core to the range of ~
101 neutrons/cm’.sec, and it is decreased as the
distance is far from the core as depicted in Fig. 3.

Mewtron Fhasneutrons/cm’ sec)

Fig. 3 Neutron Flux Calculation on Each Component
2.3.2 Specific Activity calculation

Based on neutron flux, specific activity should be
calculated to determine the level of activity on each
component [4]. Using ORIGEN-S program with flux
irradiation option, carbon steel, stainless steel, Inconel,

and concrete are irradiated by neutron flux for 32 cycles,
and 10 years of cooling time. The relation between
production and destruction for specific activated
nuclides is expressed like Bateman equation below.

dN,

i

dt

= Formation Rate — Destruction Rate — Decay Rate

The representative activated nuclides on each
material are H3, C'4, Co%, Ni*°, Ni%, Sr%, Nb%*, Tc%,
1'?, Cs'¥7 Eu'>*, Mn*, Mo?, Fe*. Likewise neutron
flux, on the components close to the fuel assemblies,
maximum specific activity reaches to the level of ~10°
Bqg/g. Table I shows the specific activity for each
nuclide on each component.
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3. Conclusions

Activation  calculation using Monte Carlo
Methodology is necessary to evaluate the status of
activity for components around reactor core. Assuming
40 years operation with 121 fuel assemblies, ~ 10'3
neutrons/cm?.sec of neutron flux and ~10° Bg/g of
specific activity can be obtained as maximum value.
And based on the result of specific activity for each
nuclide, we can distinguish the waste level on target
components, and finally decide the disposal plan when
it is decommissioned.
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