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1. Describe the manufacturing route for a calandria tube from the ingot stage 

onwards. What is an important restriction on temperature that has to be 
imposed during the processing?   Why? 

2. Describe the manufacturing route for a pressure tube from the ingot stage 
onwards. Which two micro-structural features contribute most to the 
strength of the finished tube, and in what stages of manufacturing are these 
micro-structural features produced? 

3. Describe the effect of temperature during extrusion on the crystallographic 
texture of Zr-2.5Nb tubes.   

4. What features of the micro-structure of Zr-2.5Nb pressure tubes are affected 
by irradiation?  What features are not? 

5. Give a qualitative explanation of the variation of the -phase composition 
along the length of a pressure tube after service in a reactor.  

6. In 1983, a pressure tube in a CANDU reactor ruptured during reactor 
operation.  Explain the factors that led to this event, and what has been done 
to prevent a similar failure from happening again. 

7. Describe the anisotropy of irradiation growth of pressure tube material and 
explain it in terms of the crystallographic texture and the growth strains in a 
single crystal. 

8. What tube characteristic factors have been found to correlate with the 
diametral strain rate of pressure tubes during service?  Describe the 
correlations.  Within the observed range of these factors, what are the values 
that will give the lowest diametral strain? 

9. Which structural component controls the gross sag of the CANDU fuel 
channel? Why? 

10. Why do we need deformation models for CANDU fuel channels? 
11. An important application of deformation equations has been ‘SLAR’.  What 

does ‘SLAR’ stand for?  Briefly describe the SLAR operation with reference 
to the role of the deformation models mentioned in Qn.10. 

12. Why is the hydrogen isotope concentration of a pressure tube important? 
Name an important fracture mechanism related to the hydrogen isotope 
concentration and describe the key characteristics of this failure mechanism. 

13. Give the chemical reaction that results in D ingress into pressure tubes.  
What are the key factors affecting the D ingress rate? 

14. At what position along the length of a pressure tube is D ingress at its 
highest and why? 

15. How does strain rate sensitivity affect the phenomenon of necking in a 
tensile test?  How does this effect relate to super-plasticity?  What is the 
implication for irradiation creep of pressure tubes? 

16. Explain the large variability observed in the fracture toughness of early 
pressure tubes, and how the manufacturing route was subsequently changed 
to obtain consistently high toughness. 



17. Explain the concept of leak-before-break for a pressure tube, with reference 
to its fracture and delayed hydride cracking characteristics. 

18. Explain one source of flaws in pressure tubes.  Describe what must be done 
if a flaw is found.  

19. Describe two developments that have been made to improve calandria tube 
performance under hypothetical accident conditions. 

 
 

 
 

 


