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Note: An assignment with a bit of work attached to it, as the final assignment for the course!

5 problems, 10 marks each, total mark 50.
1. 
Consider a reactor with 1 delayed-neutron-precursor group, with the following parameters:  

( = 0.1 s-1, ( = 0.6%.  

a) The reactor is shut down via the assumed instantaneous action of a shutdown system with  

     a reactivity of -50 mk.  When will the neutron power be reduced to 3% of initial power?

b) How much sooner would the neutron power reach 3% if the shutdown system had a    

     reactivity of -100 mk?  

c)  How much sooner still if the shutdown system reactivity were -150 mk?

2.   Consider a reactor with 3 delayed-neutron-precursor groups, with the following parameters:

(1 = 0.002

(2 = 0.002

(3 = 0.002

(1 = 2 s-1
(2 = 0.1 s-1
(3 = 0.001 s-1
(  = 0.9 ms

The reactor is critical at t = 0, and running at full power.  

a)  In units of the initial neutron density, what is the delayed-neutron source at t = 0? 

     [Hint: Eq. (27) in the Kinetics learning module derived the relationship between the 

      steady-state concentration of each precursor and the steady-state neutron density.]
b)  If the neutron power is reduced instantaneously to 0 at t = ( (very small number), 
     what is the delayed-neutron source at 10 s?  at 1 min? at 10 min?  at 1 h?  at 1 day?    

     [Hint: Use the radioactive-decay law.]  

3. Use the standard parameter values for the I-135/Xe-135 kinetics (as given in the Xe-Effects learning module). 

a) If the reactor is instantaneously shut down at t = 0, at what rate is the Excess Xe-135 Load increasing (in a negative direction) at t = 0?
b) If this rate were maintained, and 18 mk in positive reactivity were available to be deployed in the Liquid Zone Controllers and Adjuster Withdrawal, at what time would the reactor reach xenon poison-out?  
4. Using the analytic solution developed in the Xe-Effects learning module, evaluate and graph the I-135 and Xe-135 concentrations and the Extra Xe-135 Load at 30-minute intervals over a 2-day period following an instantaneous reactor shutdown from a steady state at full power.  Use the typical parameter values in the learning module.  

Answer also the following questions:

· When is the Extra Xe-135 Load at a maximum (in negative value)?

· From your graph, when is the extra Xe-135 Load -15 mk?  [That is the latest time at which a 15-mk adjuster system could override the Xe load.]  

· When does the Extra Xe-135 Load come back to 0?  

· What happens after that point?  

· What will be the eventual value of the Extra Xe-135 Load after a “long” time?  

5. 
At a certain time in a certain power manoeuvre, the values of I, X, and ( are: 


I =  2.5*1014 nuclides.cm-3            


X = 4.0*1013 nuclides.cm-3 

( = 6.2*1013 n.cm-2.s-1     

· Is the I-135 concentration increasing or decreasing?  At what rate (per minute)?

· Is the Xe-135 concentration increasing or decreasing?  At what rate (per minute)?

· What is the instantaneous Extra Xe-135 Load?  What does its sign mean?

· What is the rate of change of the Extra Xe-135 Load (per minute)?





































