B. Rouben

UN0802
2010 Jan-Mar
Assignment 2
10 problems, maximum mark = 90.
1. [6 marks: 3 for each part]   
      a) A certain multiplying medium has (a = 0.0098 cm-1 and (f = 0.0039 cm-1.  What is the minimum value for ( which would allow a critical spherical reactor to be made of this material?    
      b) With this value of (, what is the reactor’s radius?  What is the value of the geometric buckling?  
     Solution:
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2.  [10 marks total: 5 for a), 3 for b), 2 for c)] 
     In 1 energy group, a material has the following properties:


( = 2.40, (f = 0.0034 cm-1, (a = 0.0078 cm-1, and D = 1.06 cm.
     a) Calculate the dimensions of a bare critical reactor to be made with this material, if the reactor is a sphere.
     [Note: neglect the extrapolation distance.]

     b) Calculate the fraction of neutrons that escape from this reactor.
c)  If this material were used to make a cylindrical critical reactor instead, would the leakage be greater or smaller?  
     Solution:
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3.
[6 marks]
     A critical reactor is made from nuclear material which has an infinite-lattice reactivity of +142 mk.  The buckling in this reactor is measured to be 3.80*10-4 cm-2.  What is the value of the migration length?  
     Solution:
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4. [12 marks: 3 for each part]  

     A homogeneous, bare spherical reactor with diameter 6.4 m is critical, and is operated at a fission power of 700 MW.  The material of which it is composed has the following properties in 1 energy group:

                         ( = 2.42, (f = 0.0040 cm-1, (a = 0.0096 cm-1.

      [Note: neglect the extrapolation distance.]

a) Calculate the diffusion length.  

b) The average recoverable energy per fission is 200 MeV.  Calculate the average flux in the reactor.  

c) Compute the average neutron-absorption-rate density in the reactor 

d) Calculate the ratio of the flux at a distance of 2.4 m from the centre of the reactor to the flux at a distance of 1 m from the centre of the reactor.
Solution: (see below)
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5. [5 marks]
     A fresh fuel bundle, containing 18.6 kg of uranium, is inserted in a CANDU reactor to a location where its fission power is 540 kW.  After 200 days in this location, it is moved to a new location in core, where it remains for another 170 days, after which it is discharged from the reactor.  If its exit burnup was found to be 175 MW.h/kg(U), what was its average fission power (in kW) at its second location in core?  
     Solution:
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6. [13 marks total: 5 for a), 4 for b), 4 for c)] 

    A critical homogeneous reactor is in the shape of a cylinder of extrapolated height 2.4 m and extrapolated diameter 2.1 m.  Its nuclear properties in 2 neutron energy groups are:
	D1
	D2
	(a1
	( a2
	(1(2
	((f2
	(2(1
	((f1

	1.05 cm
	0.95 cm
	0.728E-3

cm-1
	0.425E-2

cm-1
	0.765E-2

cm-1
	?
cm-1
	0
	0


(a) Calculate the value of ((f2 
(b) Calculate the ratio of the thermal flux to the fast flux in the reactor.  
(c) Write the formulas for the fast flux and the thermal flux as a function of r and z in the reactor, showing clearly the relationship between the flux amplitudes in the two groups. 
Solution:
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7.  [8 marks]

     Prove mathematically that the most compact parallelepiped is a cube, i.e., that a cube will give the smallest leakage of all parallelepipeds (Assume a given volume V.  Show that the geometric buckling B2 for the parallelepiped with volume V has an extremum for equal sides, and that that extremum is a minimum.  The reason to inspect the buckling is that the leakage – relative to the production – is proportional to B2.) 
Solution:
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8.   [12 marks: 4 for each part]
      A homogeneous parallelepiped reactor has a base of 4.2 m by 4.2 m and a variable height.      [Note: neglect the extrapolation distance.] 
a)   If its buckling is 1.457*10-4 cm-2, what is its height?

b)   If the nuclear material of which it is made had the following 2-group properties, what would be its reactivity? 

            (a1 = 0.00069 cm-1, (1(2 = 0.0073 cm-1,

            (a2 = 0.004 cm-1, ((f2 = 0.0048 cm-1,

            D1 = D2 = 1.1 cm,
c) If ((f2 were then reduced by 5%, would the reactor be supercritical or subcritical, and by how much?
     Solution: 
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9.  [8 marks]
      Complete the following statements: 
      a) Irradiation is the product of flux and time

      b) The maximum plutonium concentration in the fuel occurs at the  

           following point in time: at the time the fuel is discharged from the 

           reactor
      c) Solving the diffusion equation can give us only the flux shape in the reactor, but not the absolute value.  To find the latter, we need an additional piece of information.
d) Two critical homogeneous reactors are made from the same nuclear

material, and are operating at the same power.  One is in the shape of a sphere, and the other is a cube.  The leakage from the cube will be equal to that from the sphere.

e) A reaction rate is calculated as the product of a flux and a macroscopic cross section.   
f) In-leakage in a region of the reactor is associated with positive curvature of the flux.
g) Flattening the power distribution reduces the capital price of the plant, 
and increases the operating cost. 
10.  [10 marks]

       Refer to the figure below which pertains to a critical reactor.  Refer also to the notes in the figure.  You are asked to calculate how many thermal neutrons escape from the reactor per unit time.  


Solution steps:

Number of thermal fissions = 1000/2.43 = 411.5 (bottom box)
( Number of thermal captures = 411.5*1.068 = 439.5 (2nd box from bottom)
( Thermal absorptions in fuel = 411.5+439.5 = 851 (3rd box from bottom)
( Total thermal absorptions = 851+47 = 898 (5th box from bottom)

Also

Total number of fast neutrons = 1000+29=1029 (3rd box from top)

Fast neutrons which don’t escape = 1029-8 = 1021 (5th box from top)

Number of neutrons thermalized = 1021-97 = 924 (7th box from top)

Therefore thermal leakage = 924-898 = 26
Thermal Captures
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Thermal Leakage





Thermal Absorptions in Fuel





1000 fast neutrons are born from thermal fissions


A thermal fission releases 2.43 fast neutrons


For the fuel, ( ( (( /(f  = 1.068


29 fast neutrons are produced by fast fission


47 thermal neutrons are absorbed in other than the fuel


8 fast neutrons escape from the reactor


97 non-thermal neutrons are absorbed
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