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1. Introduction

Korea has been developing the pyroprocessing that changes spent fuels
of a LWR to fresh fuels of a SFR.
In the pyroprocessing, a non-destructive analysis, like a (Pu/?4Cm)

2.4 Heterogeneous results by height of the fuel assembly

As a result of the fuel assembly burnup process, heterogeneous results
by height appeared for 4 fuel assemblies showed In figure 2.

The lower the enrichment, the smaller the average (Pu/**Cm) mass
ratio and the greater the (Pu/?44Cm) mass ratio difference.
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mass ratio method showed in Eg. (1), is usually used because nuclear
material accountancy Is controlled by weight unit.

Heterogeneous (Pu/?4*Cm) mass ratio of spent fuel rods appears by 10RuRRE -
height when a fuel assembly are burned.

In this study, we analyzed the heterogeneous the (Pu/?44Cm) mass ratio
by height of spent fuels according to burnup and cooling periods based
on computer simulations, and calculated a uncertainty of the (Pu/?44Cm)
mass ratio In a head process of the pyroprocessing by random samplings.
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Figure 2. (Pu/?**Cm) mass ratio results of each fuel assembly

2. Methods and Results

2.5 Uncertainty analysis using 1,000 random samplings

We assumed that a fuel assembly iIs divided into 89,916 pellets in the
chopping step, and 9,144 pellets are randomly selected to be oxidized
corresponding to 50kgHM/batch.

Random samplings of selecting 9,144 pellets out of 89,916 pellets were
conducted 1,000 showed In figure 3.

Uniform probability mass function was used for random samplings.
Error propagation was used times to calculate uncertainty of the

2.1 Reference Reactor

OPR1000 was selected as a type of reference reactor.

By analyzing the nuclear design report of OPR1000, we found core
design characteristics and selected typical 3 fuel assemblies which are
shown iIn table 1.

Table 1. Information of typical fuel assemblies

Enrichment Burnup Number of (Pu/?**Cm) mass ratio
Fuel mbl -
uel assembly type W% 235U] IMWd/kgU] fuel rods
I[dentical Pu,244Cm mass
A0 1.42 11.6~14.2 236 in radial direction If) Mesh k's length = L [cm]
BO 2.92/2.42 37.1~39.7 184/52 :
Mpatch, x(Pu) Mupaten = Cm)
CO 3.43/2.93 33.8~44.1 184/52 (1=<x < 1,000)
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MCNP based on Monte Carlo method Is a particle transport analysis
code that generates random numbers to describe behavior of particles
and estimate a solution of the Boltzmann transport equation.
CINDER 90 performs a reactor irradiation calculation and solves the
Bateman equation to track nuclide change in materials.

A link system was used to simulate the fuel assembly burnup
calculations between MCNP and CINDER 90 showed in figure 1.

In the link system, Predictor-Corrector method was used which
calculates a ratio of nuclide at the midpoint of each time step to mitigate SLEl | Celiing Burnup period [days]
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Figure 3. Random samplings using uniform PMF

Table 2. Uncertainty of the (Pu/244Cm) mass ratio by random samplings

MCNP
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’
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Figure 1. Link system between MCNP and CINDER 90

2.3 Input file for the computer codes

To find out the heterogeneous (Pu/?4*Cm) mass ratio by height of the
fuel assembly, middle burnup region was divided into long meshes, and
end burnup regions were divided into short meshes.

The burnup periods were set to 400, 500, 600, 700, and 800 days, and
the cooling periods were set to 0, 10, 20, 30, and 40 years.

3. Conclusion

It is confirmed that the heterogeneous (Pu/?#**Cm) mass ratio appears in
the spent fuel assemblies.

Uncertainty of the (Pu/?**Cm) mass ratio was calculated by the 1,000
random samplings using uniform probability mass function.

A methodology of this study could be used to enhance accuracy of the
nuclear material accountancy.
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