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Table 1 Contribution of each source to caIculated gamma-ray dose rates around TN-12/2 package. 

Gamma-ray dose rate (mRlh) 
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Measured 
Point FP 

Sid巴
1 (top) 1.64 
2 5.69 
3 7.28 
4 6.41 
5 (center) 7.35 
6 9.16 
7 7.53 
8 4.89 
9(bo仕om) 0.76 

Top 
16(center) 0.25 

Bottom 
18 2.18 
19(c芯nter) 2.26 
20 2.16 

Gamma-ray source 

Surface 
60Co (n， r) 

0.56 0.40 
0.11 0.51 
0.00 0.59 
0.00 0.67 
0.00 0.72 
0.00 0.69 
0.00 0.66 
0.02 0.43 
1.32 0.33 

1.43 0.16 

5.30 0.83 
5.96 1.01 
5.30 0.83 

o 100 200 300 
Axial distance from top end of fuel active regioD (cm) 

Fig.l Axias Bum-up Profile and Evaluated 
Source Distribution 

burnup profile， and the top and bottom gamma-ray dose rates 

are closely correlated with the burnup profile .Therefore， it is 
very important to know precise burnup profile in order to get 

a reasonable dose rate by calculation. 

2. Source Distribution and Intensity ofωCo 

The activated garnma-ray source intensities at the endfit-

tings of a spent fuel assembly are calculated on the basis of 
an assumed maximum impurity level of 59CO in each material， 
but the actual average impurity level is believed to be less. 
Furthermore， the actual 60Co source may be biased toward 

the fuel region corresponding to the thermalneutron flux 

distribution during operation in reactor core. 

The calculated dose rate contribution of each gamma司ray

source for the TN-12A cask is shown in Ref 4. In these re-

su1ts， the ratio of the gamma-ray dose rate from the activated 
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1 m from surface 
Total FP 60Co (n，y) Total 

2.61 6.31 1.53 0.30 0.22 2.062.43 
7.877.08 2.05 0.13 0.25 2.853.53 
8.079.85 2.51 0.05 0.29 3.363.04 
8.195.34 3.22 0.03 0.29 2.922.41 
2.41 3.04 0.02 0.30 2.11 

2.73 0.03 0.28 
2.59 0.08 0.25 
1.88 0.32 0.20 
1.05 0.90 0.16 

1.84 0.17 0.50 0.14 0.81 

8.31 0.78 1.81 0.48 3.07 
9.23 0.83 2.16 0.59 3.58 
8.29 0.78 1.81 0.47 3.07 

endfitting and that 合omFP for the bottom and the top region 

is more than two as shown in Table 1. ( In this case， the 
typical burnup profile mentioned above is considered for the 

FP garnma-ray and secondary gamma-ray calculations) 

Therefore， the evaluation of 60Co source is very important for 
the end regions. The more detailed information to obtain the 
60CO source， such as the impurity level of 59CO in each mate-

rials and the detailed axial thermal neutron flux profile of 

fuel assemblies during the burnup in a reactor， is required for 
getting more precise resu1ts. 

3. Gamma-Ray Source Spectra 

As there are huge number of FP gamma司raysource energy 

lines in a spent fuel， usually these source energy lines are 

grouped into broad energy group spectra. This means many 

different gamma-ray energy lines are replaced by the repre-

sentative energy line. This method has a possibility of mak-

ing a large error in some cases. For巴xample，gamma energy 

replacement from 1.0Me V to O.9Me V or 1.1 Me V for 30cm 

thick iron sphere， the dose rate is underestimated 40% when 
using 0.9MeV， and overestimated 60% when using 1.1MeV 

even though the energy conservation is considered as men-
tioned in Ref.5. 

Therefore， it is preferable to use a combination of some 

important discrete gamma-ray energy 1ines and the represen-

tative broad energy grouped spectra for the other gamma-ray 

energy lines to avoid of making a large error by the expres-

sion of source term. Of course， this method is only applicable 
to the calculation using Monte Carlo codes or point kernel 
codes. The gamma-ray energy lines such as 2.186Me V of 
1 44Pr， 1.562MeV of 106Rh， 1.365MeV of 134CS and 1.17 and 

1.33MeV of 60Co訂 every important for the shielding calcu-
lation 




