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1. Introduction 
 

The evaluation of radioactivity distribution for 
decommissioning plant recently became important 
concern in Korea. This can make it possible to reduce 
the radioactive waste volume produced from the 
decommissioning plant. 

To calculate the activity from activation, various 
information that interest reaction, cross-section, 
irradiation time, neutron flux level and so on is 
required. Especially, neutron flux level is very 
changeable during the plant life due to fuel loading 
pattern and irradiation time is perturbative due to 
plant overhaul, emergence reactor trip. These non-
operation periods could contribute to decay product 
nuclide. 

This paper introduces more precise activity 
calculation method by considering operation history. 
The introduced method will be compared with the 
activity calculated from effective full power and 
measurement data from the neutron dosimeter.  
 

2. Method and Results 
 
2.1 Neutron Activation Based on Effective Full 

Power 

 
The neutron activation phenomenon is well known 

and the activity of the product nuclide when product 
nuclide is produced at the constant rate of  
[atoms/sec] due to neutron irradiation can be written 
as, [1] 

            (1) 
 

Where  is activity [Bq], and  is decay 
constant [sec-1] of the product nuclide. In Eq. (1)  
can be written as,  
 

         (2) 

Where  is number of target nuclide irradiated 
by neutron flux , and  is microscopic 
cross section for the interested activation reaction. 
And Eq. (2) can be written as a summation form 
defining reaction rate RR as below,  
 

    (3) 
 

In this case, we can calculate the activity by using 
multi group cross-section and neutron spectrum. 
 
2.2 Neutron Activation Based on Operation History 

 
If the neutron flux of Eq. (3) is changed, the R  

will be also changed. Assuming that the neutron flux 
is constant during the period i, we can get the  of 
period i as follow, 
 

             (4) 
 

The specific activity of the product nuclide during 
the first time period will become, 
 

         (5) 
 

During the next time period the specific activity 
 will be decayed with its own decay constant and 

new product nuclide will be created and then the 
specific activity will become, 
 

   (6) 
 

And thus, for the ith time period the specific 
activity becomes, 
 

  (7) 
 

By defining that period i is a month, we can 
calculate the activity based on operation history as a 
month. 
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For decommissioning plant, the plant has its own 
monthly operation history. In this paper, operation 
history of Kori Unit 1 from cycle1 to cycle 17 was 
applied. From the first startup to cycle 17, total 
irradiation time was 268.5 month which is 
corresponding to 186.9 effective full power month. 
In order to get neutron flux data, RAPTOR-M3G [2] 
and BUGLE-96 [3] code were employed. 

Table 1 shows the radiological characteristics of 
dosimeter used in this paper. 
 
Table 1. Radiological Characteristics of Dosimeters 

Sensor 
Material 

Reaction of 
Interest 

Target Atom 
Fraction 

Product 
Half-Life 

Copper 63 60Co 0.6917 5.271 year 
Iron 54Fe(n,p)54Mn 0.0585 312.1 day 

Nickel 58Ni(n,p)58Co 0.6808 70.82 day 

Coblat 59Co(n,g)60Co 0.0015 5.271 year 
 
2.3 Results of Comparison the activity between 

Operation History and Effective Full Power 

 
Fig. 1 shows the comparison of activity when 

considering operation history and effective full 
power. The maximum relative error is up to 5 times 
for short lived nuclide Co-58, although the relative 
error is ~ 30% for long lived nuclide Co-60. 

The comparisons between calculated activity 
according to operating history and measured activity 
from the dosimeter are shown as Table 2. The 
calculation considering operation history has very 
good agreement with measured activity.  
 

  

  
Fig. 1. Activity trends between operation history and 

effective full power. 

Table 2. Comparisons between calculated and measured 
activity 

 

Calc. Act. [Bq/g] Meas. 
Act. 

[Bq/g] 
Effec.Full 

Power 
Opertaion 

History 
63 60Co 2.60E+5 1.98E+5 1.99E+5 
54Fe(n,p)54Mn 3.60E+6 2.01E+6 1.94E+6 
58Ni(n,p)58Co 4.45E+7 7.10E+6 7.14E+6 
59Co(n,g)60Co 6.35E+7 4.88E+7 3.98E+7 

 
3. Conclusion 

 
The activity calculation considering effective full 

power operation shows significant differences 
against the activity considering operation history as a 
month. When it is compared with the measured 
activity, the method according to operation history is 
very good agreement. Therefore, this method can be 
used for the precise evaluation of the radioactivity for 
decommission plant.  
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