The nuts and bolts of
Nuclear Power
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From the atom and up

1 1"' 4, PerIOdIC Table Ma I¥a VA VA VA EH""

fi ) i 4 10

3 E)
21 Li | Be Of Ele”‘]ents cC|NM|O|F |Ne
1 |12 1 |15 16 |7 |8
ilMa Mgl v v wB WIE —vIi—— 1B B Si|P |S |CI|Ar
T I E L
1k |ca As | selBr | kr
T R 53 |54
] 5r He
T
B At | Bn
i Bf Ha|/10G6/107 108 109 110
*Lanthanidel58 |58 [60 |61 |62 |ez 64 [65 |66 67 |o@ 6@ [0 |71
Series Ce P}/‘FIH‘\ Sm|Eu|Gd| Tb|Dy |Ho| Er |[Tm|¥Yb | Lu
+ Actinide [0 |9 o2 |oz\ [24 |95 |96 |or |9 |22 [0 [1o01 [10z |0z
Series ThjPa|U
H - gas Li - solid Br - liguid
Mon-hetals . Transition Metals Rare Earth Metals Halogens
Alkali Metals Alkali Earth Metals . Cther Metals Inert Elements

Prepared by David Argento, 2/23/2010



& Chart of the Nuclides
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ﬁ Uranium-235

e Atomic Mass: 235.0439231 +- 0.0000021 amu
e Excess Mass: 40914.062 +- 1.970 keV

e Binding Energy: 1783870.285 +- 1.996 keV

e Beta Decay Energy: B--123.716 +- 0.869 keV

e Atomic Percent Abundance: 0.720%
e Half life: 7.038 x 108 years

Prepared by David Argento, 2/23/2010



ESS 315 — Nuclear Power

Slow neutron capture and fission

Fission yields
An example of one of the many fragments of
reactions in the uranium-235 intermediate

fission process.

mass, an average
of 2.4 neutrons,
and average
energy about

215 MeV.

o Impact by
slow neutron 144
with energy compound . Ba O
on order of nucleus is ¥ Neutrons can
an ev. unstable, initiate a chain

oscillates. reaction.
http://hyperphysics.phy-astr.gsu.edu/hbase/hframe.html
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ﬁ Energy comparison

Fission
215 MeV per fission = 2.07 x 1013 kJ/mol

Methane Combustion
810 kJ/mol

Ratio
2.56 x 1010
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ﬁ Why water?

e Fission reactors work best if the fission neutrons are
moving slowly, but the are born moving very fast

e Water is very efficient at slowing down the neutrons,
as well as taking heat away from the fuel rods
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The Fuel
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Basic Design

Containment Structure

Pressurizer Steam
Generator
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What happens afterwards?

e Each and every fission of U-235,
generates two new atoms, most likely
radioactive atoms, such as Kr-89, Ba-144,
Cs-137,1-131

e Some of these new, radioactive atoms
are gaseous, and some are very water
soluble
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The 100,000 year dilemma
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ﬁ High Level Waste

1. Burial — current method for both high
and low level radioactive waste in the

US

2. Transmutation/recycling — offers the
potential to reduce the volume of high
level radioactive material produced in

the future

Prepared by David Argento, 2/23/2010



ESS 315 — Nuclear Power

Burial Methods

1.
2.

Short Term —
Pool storage
Concrete/steel

Long Term —

Geologic burial

Methods:
1. Glassification
2. Steel/concrete containers

Prepared by David Argento, 2/23/2010



ESS 315 — Nuclear Power

Burial Methods

1.
2.

Short Term —
Pool storage
Concrete/steel

Long Term —

Geologic burial

Methods:
1. Glassification
2. Steel/concrete containers

Prepared by David Argento, 2/23/2010



ESS 315 — Nuclear Power

Burial Methods
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Burial Methods
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% Low Level Waste

e Nuclear Reactor facilities have finite life
span (~40 years)

e Constant exposure to radiation:
— Brittles metals
— “Activates” non-radioactive materials
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& Low Level Waste

e Containment vessel and plumbing
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Breeder Reactors

e Breeder reactors are simply reactors that are
dual purpose in design:
— Generate power via fission

— Generate new nuclear fuel by taking advantage of
U-238’s ability to absorb neutrons and turn into
Pu-239

e Banned by President Jimmy Carter in 1977
due to concerns about weapons grade
plutonium being stolen
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ﬁ Transportation of waste

e http://www.youtube.com/watch?v=1mH
tOW-0B0O4
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