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In-Class Exercises 
1. Suppose that the angular neutron density is given by 
[image: image1.wmf](
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 where ( is the angle between ( and the z axis (i.e., the polar angle).  Use a neutron speed of 2,200 m/s. If A is a unit area perpendicular to the z axis, then calculate the number of neutrons passing through the area A per second: 
(a) per unit solid angle at an angle of 45o with the z axis

(b) from the negative z to the positive z direction

(c) from the positive z to the negative z direction

(d) net, and 
(e) total  
Solution:

[image: image2.wmf](

)

(

)

(

)

(

)

1

0

5

1

0

5

2

1

0

4

0

5

1

0

5

1

1

1

3

2

0

5

2

1

0

4

1

0

4

0

5

0

5

0

1

3

2

0

5

1

0

4

1

1

0

1

0

3

2

0

5

1

0

5

1

0

0

2

1

2

3

0

1

0

3

1

5

0

0

2

.

10

*

1

.

1

.

6

5

6

1

10

*

1

.

1

)

(

sin

)

(

.]

min

[

.

10

*

333

.

7

6

5

6

1

10

*

1

.

1

.

)

3

1

2

1

(

)

3

1

2

1

(

10

*

1

.

1

.

3

1

2

1

10

*

1

.

1

)

(

sin

),

(

)

(

]

.

10

*

165

.

9

sin

,

sin

min

[

.

10

*

165

.

9

6

5

*

10

*

1

.

1

3

1

2

1

10

*

1

.

1

3

1

2

1

10

*

1

.

1

sin

cos

)

(

.

10

*

833

.

1

.

3

1

2

1

10

*

1

.

1

1

.

10

*

1

.

1

]

int

2

[

1

4

2

)

(

sin

)

(

.]

,

.

.

,

)

/

(

,

,

[

.

10

*

626

.

3

2

1

*

.

10

*

2

.

2

)

2

1

1

(

*

14159

.

3

*

4

,

45

]

,

[

cos

)

1

(

4

)

(

sin

)

(

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

=

÷

ø

ö

ç

è

æ

+

=

-

=

÷

ø

ö

ç

è

æ

-

=

÷

ø

ö

ç

è

æ

+

-

-

=

÷

ø

ö

ç

è

æ

-

=

-

=

÷

ø

ö

ç

è

æ

-

=

÷

ø

ö

ç

è

æ

-

-

=

÷

ø

ö

ç

è

æ

-

=

=

÷

ø

ö

ç

è

æ

-

=

-

=

-

=

=

-

=

=

-

=

×

W

=

×

W

=

ò

ò

s

cm

n

s

cm

n

s

per

cm

per

A

g

cros

neutrons

of

number

total

The

e

direction

z

negative

the

to

positive

the

from

crosses

number

net

the

that

means

sign

us

The

s

cm

n

n

s

cm

n

s

cm

n

s

per

cm

per

A

g

cros

neutrons

of

number

net

the

b

in

analysis

the

to

Similarly

d

s

cm

n

is

direction

negative

the

in

g

cros

number

actual

the

that

say

should

we

so

direction

negative

the

in

g

cros

are

neutrons

the

that

means

sign

us

The

s

cm

n

n

n

n

z

negative

to

z

positive

from

g

neutrons

of

number

The

c

s

cm

n

s

cm

n

d

s

cm

n

angle

azimuthal

the

over

egrating

from

comes

The

d

v

n

z

positive

to

negative

from

s

per

cm

per

A

g

cros

neutrons

of

number

The

b

be

should

they

as

s

cm

neutrons

be

will

units

overall

the

that

see

we

in

brought

are

cm

neutrons

n

of

units

the

when

but

weird

seem

may

units

the

Note

s

cm

n

s

cm

n

to

equal

is

this

For

speed

neutron

the

is

here

where

v

n

z

v

n

A

to

lar

perpendicu

vector

unit

the

is

z

where

z

J

angle

solid

unit

per

s

per

cm

per

A

g

cros

neutrons

of

number

The

a

o

m

m

m

m

m

m

m

m

m

p

m

m

m

p

p

q

n

q

m

m

m

p

)

v

)

)

r


2.  A homogeneous critical spherical reactor has nuclear properties (a = 0.0080 cm-1, ((f = 0.0085 cm-1, D =1.02 cm.  What is the extrapolated radius of the sphere?  If the flux is 2*1014 n.cm-2.s-1 at a point 50 cm from the centre, what is the flux at the centre?  
Solution:
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3. A homogeneous critical reactor is in the shape of a cylinder of radius 1 m and height 2.5 m.  What is the value of  the material buckling? 

Another critical cylindrical reactor is made of the same material composition, except that only the value of the diffusion coefficient is changed.  This reactor has radius 1.2 m and height 2 m.  What is the value of D for this reactor, compared to that of the first reactor?

Solution:
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4. Consider a homogeneous spherical reactor of diameter 1 m, with the following properties in 2 energy groups:
             (a1 = 0.0012 cm-1, (a2 = 0.004 cm-1, ((f2 = 0.0082 cm-1, (1(2 = 0.007 cm-1,



 D1 = 1.02 cm, D2 = 1.10 cm


      [Neglect the extrapolation distance in (i) to (iii) below.]

      (i)  Calculate its reactivity [6 marks]
            (ii) What would be the critical volume for this configuration of reactor, with the  

                   properties given? [6 marks]
            (iii) For the critical reactor in (ii), what would be the ratio of thermal leakage to 

                   thermal absorption, and of fast leakage to fast absorption? [6 marks] 

            (iv) Without actually calculating a value, indicate whether the result for the 

       critical volume would be larger or smaller if you did not neglect the    

       extrapolation distance [2 marks] 

Solution:
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5. 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 fast neutrons escape from the reactor per unit time.  [Remember that the two main things that can happen when a neutron is absorbed in the fuel are capture (where the neutron is absorbed and a gamma ray is emitted) and fission (where the neutron is absorbed and fission is induced).  So the ratio of capture to fission, ((/(f, is an important parameter.  To solve the problem, find the right sequence for filling numbers into the boxes.]

[image: image6]
6. The figure below shows the neutron cycle for a finite reactor.  The reactor is critical.  The notes in the figure refer to an arbitrary unit of time.  Use the information provided to calculate the thermal captures in fuel in the same unit time.  [Find the right sequence for filling numbers into the boxes.] 


[image: image7]
Solution steps:

1. Number of thermal fissions = 1000/2.5 =400 (
2. Number of fast fissions = 0.03*400 = 12 (
3. Number of neutrons from fast fission = 12*2.6 = 31.2 (
4. Total number of fission neutrons = 1000 + 31.2 = 1031.2  

5. Fast Leakage =24/3 = 8

6. Number of fission neutrons which survive fast leakage = 1031.2 - 8 = 1023.2

7. Number of neutrons which become thermalized = 1023.2 - 88 = 935.2

8. Number of thermal neutrons which survive leakage = 935.2 - 24 = 911.2

9. Thermal absorptions in fuel = 911.2 - 48 = 863.2

10. Thermal captures = 863.2 - 400 = 463.2 

7.  (a) At time t0 during an approach to critical of a cylindrical reactor, a detector at the center of the core reads 63.  At this point, it is decided to determine the reactivity of the core.  A reactivity device worth -2.5 mk is introduced, and it is noted that the detector now reads 52.    What was the core reactivity before the reactivity device was inserted?  
    (b)The reactivity device is withdrawn, and the approach to critical is resumed by withdrawing poison at the rate of 0.01 ppm of boron per minute.  One ppm of boron is worth -8 mk.  After 33 minutes, what will be the detector’s reading?  Another  detector is 95 cm from the first, along the cylindrical core axis (which is 5.9 m in total length).  What will be this 2nd detector’s reading at 33 minutes?  

   Solution:

   
[image: image8.wmf](
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8.  A fuel bundle containing 18.8 kg of uranium resided in a CANDU reactor for 253 days.  Its exit burnup was 175 MW.h/kg(U).  

            a) What was its average fission power (in kW) during its residence time in the reactor?  
      Solution: 
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            b) If the exit irradiation of this bundle was 1.7 n/kb, what was the average neutron flux in the bundle during its residence time in the reactor? 
     Solution: 
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Fast Fissions





1000 fast neutrons





Thermal Captures





Thermal Fissions





Non-Fuel Thermal Absorption





Thermal Leakage





Thermal Absorptions in Fuel





1000 fast neutrons are born from thermal fissions


A thermal fission releases 2.43 fast neutrons


30 fast neutrons are produced by fast fission


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


50 thermal neutrons are absorbed in other than the fuel


20 thermal neutrons escape from the reactor


100 non-thermal neutrons are absorbed








Epithermal and Fast Absorption





Fast Leakage





Fast Fissions





1000 fast neutrons





Fast Leakage





Epithermal and Fast Absorptions





1000 fast neutrons are born from thermal fissions


The number of fission neutrons released in a thermal fission is 2.5, and in a fast fission it is 2.6


Of the neutrons which escape from the reactor, 24 are thermal


The number of fast fissions is 3% that of thermal fissions


48 thermal neutrons are absorbed in materials other than fuel


Fast leakage is only one-third of thermal leakage


88 non-thermal neutrons are absorbed
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Non-Fuel Thermal Absorptions





Thermal Fissions





Thermal Captures
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