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Note that 1 ft of moderating material is approximately 30 cm. Using the Matlab spheremm_gui
program we want to explore neutron diffusion in two different moderating materials, water and
graphite. in spherical geometry. For consistency, select R = 30 cm and generate/record the flux

plots and balance table information for these two cases (explore both the linear and logarithmic
plot scales). Make sure you understand what this code is doing...

Based on the data generated, answer the following questions:

1.~ What is the appropriate thermal diffusion length for water? How about graphite? What is

the physical interpretation of the diffusion length. L? Based on this, what can you say about
the difference in thermal neutron diffusion in water versus graphite?
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J Point Source in a Moderating Medium (Jan. 2008) 7
File Help =

- NEUIYOF! Balance within Sphere el NIRRT dee 4T

) ' -

Material IWa’ier ;J ‘ Leakage Absorption  Total Loss l ’ —

. | | Infinte Medium:  3.051e-004 9.997e-001 1.00e+000 | =

Radius af Sphere (cm): l 30 |t . ' ’H
| Finte Medium:  5.035e-004  9.995e-001 1.00e+000

| UMASSE

Fil S, ILinear .'J INDl“é: Diffusion length for water i 2.85 cm. =

Flux Profiles in Water for Infinite vs Finite Sphere (Point Source with Q = 1 n/s)
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) Point Source in a Moderating Medium (Jan. 2008) A - ol x|
File Help ~
= Meutron Balance within Sphere for VWater
Material  [ater x { Leskage Absorption  Total Loss
: | Infintte Medium:  3.051e-004  9.997e-001 1.00e+000
Radius of Sphere (cm): | 30 fpiae T
Finte Medium:  5.03%e-004  9995e-001 1.00e+000
| s .| UHASS""
Plot Scale: I'-Ogﬁfﬂhmic =] Mote: Diffusion length for water is 2.85 cm.
’ Flux Profiles in Water for Infinite v Finite Sphere (Point Source with Q = 1 n/s)
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File Help ~
— Neutron Balance within Sphere for Graphite - —_— o
Material: |Graphrte .‘J | Leakage Ahsorption Total Loss I (FA#
| . gy
: : Infinite Medium:  9.076e-001 9.236e-002  1.00e+000 | =
Radus of Sphere (em): |30 ‘ Finte Medium: ~ 9.5392-001 45132002 1.00e+000 = o
| et Sty e jee ) UMASSS

Plot Scale: [Linear =] Note: Diffusion length for graphite is 59.2 cm.

Flux Profiles in Graphite for Infinite vs Finite Sphere (Point Source with Q = 1 n/s)

I I T 1
5 5 Infinite Medium
J: : ‘: ===== Finite Meadium
7 5. i ’: 5.
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— MNeutron Balance within Sphere for Graphite —————
Leakage Absorption Total Loss !
Radiie ot Srbwm ok m—‘ | :l:';::;;temme:;::‘l:m: 9.076e-001 9.236e-002  1.00e+000 ‘

Material |Graphile ;I ‘

9539e-001 4613e-002 1.00e+000

Plot Scale: |Logarithmic 2] Nete: Ditfusion length for graphite is 59.2 cm.

; Flux Profiles in Graphite for Infinite v Finite Sphere (Point Source with Q = 1 n/s)
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2. Using the spheremm_gui simulation tool, find a value of R where leakage accounts for about
25% of the overall neutron balance for the case of the infinite media problem (i.e. 25% of the
neutron’s emitted into the infinite sphere pass the r = R location). Do this for both water and
graphite. Now convert these values into number of diffusion lengths by dividing by the
appropriate value of L (i.e., the number of diffusion lengths from the source is simply
distance/diffusion length). Compare this result for the water and graphite media for the case

where the leakage is 25% of the overall neutron balance. Did you expect this result?
Explain...
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The flux in an infinite moderating medium with an isotropic point source with strength Q at the
origin of the system (i.e. at r = 0) was formally derived in the Lecture Notes and is given by

__Q_l -riL
o(r) DT

Formally demonstrate that the neutron balance in a region defined by R/2 <1 <R is satisfied --

that is, show that leakage + absorption = source within the region of interest, where R is simply
some given radius. Show all your work...

Hint: In doing this formal balance, note that, for the case of a point source at r = 0, there is no
source in the spherical shell region between R/2 and R.
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