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   During decommissioning and subsequent 

dismantling of research reactors, huge quantity of  

system and structural components have to be 

disposed /cleared. Amongst the structural 

components, the biological concrete shield and 

graphite reflectors, would account for the bulk 

waste.  



 In terms of radiation levels 60Co is the most 
predominant radionuclide.  

 Several radionuclide , due to their low  beta energy 
emission are hard to  detect (HTD nuclides).  

 HTD nuclides referred as Difficult to Measure ( DTM) 
radionuclide contribute significantly to the residual 
activity after 100 Yrs or so.  

 It is important to consider these radionuclide in final 
disposal / clearance during the disposal of the 
biological shield . 

  

 



   The principal activation products present in 

reinforced concrete at shutdown are : 

  3H, 14C, 36Cl, 45Ca,41Ca, 56Mn,55Fe,59Fe, 63Ni, 60Co, 
152Eu  and 154Eu.   

 

 The radiological significance of  the long lived  low 

energy  beta emitters like 59Ni, 63Ni, 55Fe, 14C and 
3H (HTD nuclides) pose a challenge during 

decommissioning activities 



 Derived unconditional clearance levels prescribed by 

IAEA TECDOC-855 use representative single value 

criteria.  

 This may under/over estimate the release values if the 

material to be disposed has activity concentration 

below/above the respective category of clearance levels 

prescribed in the report. ( for a mixture of radio 

nuclides) 

  

 



 As indicated by the new BSS ( GSR part III) (Schedule I-

11) the gross clearance level considering the mixture of 

radio nulcides is given by the equation  

   

 

“Xm”   is the derived  clearance level of  mixture of 

radionulides 

“fi”  is the fraction of the activity of  radionuclide „i‟ in the 

mixture 

  “xi”   is the applicable clearance level of  radionuclide „i‟.  

 

 Xm=   



 The residual activity estimated for a known EFPY 
(Effective Full Power Years) of research reactors for 
biological shield concrete (using ORIGEN Code) 
indicate that 3H and 152Eu are the only activation 
products of concern after 50 years of shut down of the 
reactor. Moreover ~95% of the residual activity results 
from these nuclides (Table-1) after few years of decay.  

  

 By using the above equation, mass specific clearance 
level value for concrete, considering a mixture of 
radionuclide was evaluated as 1.04 Bq/g  

 



Nuclide 0 y 2 y 10 y 50 y 100 y 

H  3 1.38E+01 7.67E+01 8.41E+01 8.83E+01 7.93E+01 

Ca 41 4.84E-03 3.02E-02 5.19E-02 5.14E-01 7.64E+00 

Mn 54 9.49E-03 1.17E-02 3.09E-05 2.58E-18 0.00E+00 

Mn 56 4.12E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 

Fe 55 1.87E+00 6.84E+00 1.39E+00 3.23E-04 7.79E-09 

Fe 59 4.44E-02 3.60E-06 1.76E-25 0.00E+00 0.00E+00 

Co 60 1.35E+00 6.46E+00 3.88E+00 1.99E-01 4.13E-03 

Ni 59 6.76E-06 4.22E-05 7.26E-05 7.19E-04 1.07E-02 

Ni 63 8.47E-04 5.21E-03 8.43E-03 6.18E-02 6.30E-01 

Ba 133 7.65E-01 4.20E+00 4.30E+00 3.23E+00 1.90E+00 

Eu 152 8.98E-01 5.07E+00 5.79E+00 7.47E+00 8.68E+00 

Eu154 7.15E-02 3.80E-01 3.42E-01 1.35E-01 3.57E-02 

Table-1:  Percentage residual activity of the concrete after various decays times 



 BSS do not provide clearance values  for     Ba-133 and 

Ca-41which are important activation products for 

concrete 

 

 Quantification is difficult considering a mixture of 

radionuclide especially with DTM nuclides 

 

 Surface specific clearance levels ( Bq/cm2) are not 

available in the BSS for contaminated items to be 

disposed. 

 

  Issues in direct implementation of BSS and gaps  observed  

 



 

 Xm=          should be replaced by            Xm=     

 

Fraction of the activity contributing to the residual activity can be 

considered to arrive at realistic figures for clearance levels 
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