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3 (a) Describe the effects of a Pb ion accelerated to 10 MeV impinging on a 

ceramic material and eventually coming to rest. Comment on the validity of this model 

to simulate the effect of the recoil of the heavy daughters of uranium or plutonium on 

the structural integrity of a ceramic nuclear waste form. [25%] 

 

(b) Describe how the radiation damage associated with permanently displaced atoms 

caused by the alpha decay of an actinide accumulates by (i) a direct process and (ii) a 

single overlap process.   [25%] 

 

(c) If a ceramic nuclear waste form of density 4700 kg m
–3

 is loaded with 10 wt% 
239

Pu and the volume of displaced material per 
239

Pu alpha decay (Vi) is 4.25 × 10
–26

 m
3
, 

determine how long it will take for the waste form to become 50% amorphous given that 

the accumulation of amorphous material follows the equation below: 

 amorph 0 i1 exp    V V Vφ  

where Vamorph is the volume of amorphous material, V0 is the original material volume 

and φ is the alpha radiation dose (in α m
–3

).  

[Half-life of  
239

Pu = 24,100 years]  [50%] 

 

 

 

    END OF PAPER 

 

 

Numerical answers 

Q1 (c) – 18.3% 

Q3 (c) – 480 years 


