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1. Introduction 

 
19 Light Water Reactors (LWR) have produced more 

than 12,000 spent fuel assemblies and stored them in its 
own spent fuel pool since Kori 1 Nuclear Power Plant 
(NPP) had been started its commercial operation. 
International Atomic Energy Agency (IAEA) has 
continuously required the application of IRradiated 
Assembly Attribute Tester (IRAT) for the verification 
of non fuel items in addition to the Spent Fuel Attribute 
Tester (SFAT) to verify LWR spent fuel assemblies in 
the SFP. It is anticipated that the IRAT verification will 
be partially performed during the IAEA inspection from 
2012. Therefore increase of verification time and 
limited conditions of workplace should be taken into 
consideration.  

For the reasons of increase of spent fuel assemblies 
due to the operation of 19 NPPs and diversification of 
verification requirement by IAEA, it is necessary to 
develop the more efficient and effective verification 
technologies. The development of the integrated LWR 
spent fuel verification equipment, hereunder Unified 
Spent fuel Attribute Tester (USAT), started from the 
concept that is physical and functional integration 
between the SFAT and IRAT. Both of them have the 
same theoretical concept in respect of using a gamma 
spectroscopy that analyzes the specific spectrum of the 
gamma rays from the target. On the other hand, there 
are many differences between SFAT and IRAT such as 
the geometry, shielding method and material.  

On this study, the modeling and measurement 
simulation, the confirmation of the main design 
parameters were conducted by using the well known 
analysis method Monte Carlo n particle code (MCNP). 
The manufacturing of the prototype equipment based on 
the result of MCNP analysis is under procedure recently. 

 
2. The result of MCNP Analysis 

 
2.1 Modeling and measurement simulation of IRAT 

 
The characteristics and specification data for the 

modeling of IRAT are shown on the figure 2.1. The 
measurement simulation was conducted on the 
assumption that the distance between the detector and 
target (Cs-137 point source) is 30cm and the direction 
of measurement is horizontal. The spectrum result of 
simulation is shown on the figure 2.2. It presents 
0.662MeV energy of photo peak, compton edge and 
back-scattering peak, those are typical Cs-137 gamma 
spectrum detected by the CZT detector. 

 

 

Fig. 2.1 Specification data for the modeling of IRAT 
 

 

Fig. 2.2 The spectrum result of MCNP simulation of IRAT 

 
2.2 Modeling and measurement simulation of SFAT 
 

The characteristics and specification data for the 
modeling of SFAT are shown on the figure 2.3.  

 

 

Fig. 2.3 Specification data for the modeling of SFAT 

The measurement simulation of SFAT was conducted 
to find the most similar measurement result with IRAT 
on the assumption that the distance between the detector 
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and target (Cs-137 point source) is 30cm and the 
direction of measurement is vertical. The analysis 
results that are the radiation sensitivity and increase of 
the weight depending on the change of the thickness of 
the shielding are shown on the figure 2.4. The number 
of gamma rays that transfer its entire energy to the CZT 
detector decreased exponentially depending on the 
increase of the shielding. The most similar measurement 
result was appeared in the case of adding 25 mm 
thickness shielding. However, the weight increase due 
to the increase of the shielding thickness was 16.32kg. 
Those results make it worse to improve the portability 
and ease of handling so that the manufacturing unified 
verification equipment is anticipated negatively. 

 

 

Fig. 2.4 The analysis result of MCNP simulation of SFAT 

 
2.3 Modeling and measurement simulation of USAT 

 
Most of the dimensions of USAT adopted the SFAT 

because the IRAT is not affordable to the volumetric 
increase of the shielding. In terms of detector, the 
SDP310/Z60 CZT detector is newly adopted. It has a 
better efficiency and poor resolution than the 
SDP310/Z20, the detector of IRAT, on the other hand, 
it has a better resolutions and poor efficiency than the 
CZT500S. The measurement simulation was conducted 
on the same assumption of the IRAT analysis except the 
detector of the SDP310/Z60 and the dimension of the 
shielding and housing. The most similar measurement 
result, 2.90x10-8 count to the one gamma ray, was 
appeared in the case of adding 12 mm thickness 
shielding. The weight increase due to the increase of the 
shielding thickness was 5.41kg that is quite acceptable. 
The results are shown on the table 2.5. 

 

 
Table 2.5 The analysis result of MCNP simulation of USAT 

The measurement simulation to optimize the length of 
the air pipe that prevents radiation effects from the non-

target surrounding a target was conducted. The counts 
are saturated below the 490 mm length of the air pipe. 
The most similar measurement result was appeared in 
the case of 900 mm length of air pipe. The results are 
shown on the table 2.6. 
 

 

Table 2.6 The analysis result of MCNP simulation of Air pipe 

 
3. Conclusions 

 
The main design parameters are decided by the 

MCNP analysis and the manufacturing of a prototype 
USAT is under procedure. USAT will be applied to the 
verification work after several times of the field test. 
The design of the USAT will be improved through the 
field test and additional study. The result and experience 
of this study will be helpful to develop the evolutional 
verification equipment adopting the characteristics of 
the spent fuel assemblies, measurement environment 
and working condition. 
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