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HISTORY

A.H. Becquerel in 1896, discovered by accident that uranium ore gave off certain
invisible rays that could penetrate the light proof covering of a photographic plate.

In 1932, Chadwick proved the existence of neutrons -
elementary particles devoid of any electrical charge.

In 1938 Hahn, Meitner and Strassmann discovered that the
uranium atom, when bombarded by neutrons, actually split.

A.H. Becquerel.

In Dec. 1951, an experimental reactor in Idaho produced the first
usable electric power from the atom, lighting four light bulbs.



Facts

 Name: uranium

e Symbol: U

» Atomic number: 92

» Atomic weight: 238.02891 g/cm”3
* CAS Regqistry ID: 7440-61-1

» Group name: Actinoid
* Period number: 7 (actinoid)
 Block: f-block

» Standard state: solid at 298 K
» metallic grey Colour:
» Classification: Metallic

In 1798 Martin Klaproth, isolated an oxide
of uranium while analyzing pitchblende.

Was named after the planet Uranus,
discovered in 1791.

Uranium was isolated in 1841 by
French chemist Eugene Péligot.



Common types of radiation.

Gamma rays, are pulses of high-energy electromagnetic radiation.

Neutrons are what make nuclear reactors work and nuclear bombs
explode in NCR.

Beta particles, which are high velocity electrons.

Loss of a beta particle causes an atom to change into the next higher
element on the Periodic Table while keeping the same mass number.
Thorium-234 (element 90) becomes protactinium-234 (element 91).

Alpha particles, which are high velocity helium nuclei.

Loss of an alpha particle causes an atom to change into an element
two steps lower on the periodic table, along with a loss of four mass
units.
So an atom of U-238 (element 92) becomes thorium-234 (element 90).



Decay chains
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Nuclear Fuel

Is cheap compared to the energy equivalent of Petroleum or Coal.

One ton of natural uranium can produce more than 40 million kilowatt-hours

of electricity. This is equivalent to burning 16,000 tons of coal or 80,000
barrels of oil.
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Nuclear Fission

 Fission is a nuclear process in which a heavy nucleus splits
into two smaller nuclei usually by neutron bombarding.

* An example of a fission reaction that was used in the first
atomic bomb and is still used in nuclear reactors is:

U+ n—> 5 Ba+,.Kr+3,n
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* A particular reaction path during a nuclear o2 ,/*\_1 J B%Pu
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fission is called a reaction channel ol \ 2
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Where the energy comes from and how
IS distributed

{:
&\S\
-?‘f.f]r I 1']5\\\\&\

3
2
:_'

=
m —
=
wahl“ iy,
S
S
T

E nerrg ¥
of fragments
165 MeV

oty A
f’mln \L 'm'h\“

Mo®®

’?
/):? If I|' J

Gammaara-‘.-s
14 MeV

I\eu{‘m ns
9 MeV

Beta- parlicles

lo i LO

O Neulrinos
O Q

11 MeV
ca. 200 MeV

I\Mn
U-235
235.11 amu 84.936 amu
MNeutron
1.009 amu

' .223 amu BECOMes energy
> Lay /7N
7 138, n{u amu Neutron

1.009 amu

1 atomic mass unit = 1.66053886 x 10"-27 kilograms



Uranium - From Ore to Reactor Fuel

Gaseous Diffusion
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Depleted a
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Fuel Fabrication
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Schematic of a Nuclear Power Plant
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Feactar
Type

Pressurised
wiater
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Energy equivalent of lethal radiation dose

Total body irradiation

Mass = 70 kg
LD =4 Gy

4 Gy =400 rad =
67 calories

67 calories equivalent « Lethal dose Is
to energy in one sip B relatively modest
(3 ml) of hot coffee amount of energy
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Sequence of Radiation Effects

Incident X-ray photon

|

Photon absorption via Compton effect

|

Formation of free radicals

|

Radical induced DNA damage

|

Biologic effect (mutation, cancer, etc.)
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Radiation interaction with water
Initial reaction with cells

\

H,0 neutral ‘frele radicals’
I\
\ I\ The highly reactive
H.O* ——— H+II hydroxyl radical is
2 , - particularly damaging
€ I\ ~107sec o DNA
H,O \\ The presence of oxygen
\ amplifies the effects
' \ of hydroxyl radical
Hzo-. > OH- + H.
~103 sec
hydrogen
radical
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The DNA double helix
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Examples of DNA lesions
Induced by Radiation

Dimer formation
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Examples of DNA lesions
Induced by Radiation

Double strand break

Most severe type of
damage

18



/

repair

DNA damage and its consequences

DNA damage

/-

cell death chromosome
aberration
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DNA Damage from lonization.
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Chernobyl how It happen
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RBMK
Reactor
Design

RBMK a Russian acronym for
Reactor Bolshoi Moschnosti Kanalynyi
"Canalized Large Power Reactor"

‘Water o COME =g

RBMK light water graphite reactor

i

i

Souroe: Nechear Energy Instivate
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Reactor Bolshoi Moschnosti Kanalynyi

Pressure tubes
each fuel assembly is positioned in its own pressure channel,

Graphite moderator
moderator to slow down the neutrons released during fission.

Control rods
B4C control rods. Can be dropped into the core to reduce or stop reactor activity.

Coolant
95% of the heat from fission is transferred to the coolant.
Emergency core cooling system operation if coolant circuit is interrupted.

Steam separator
Steam from the heated coolant ,to turbines produce electricity
The steam is condensed and fed back into the circulating coolant.

Containment
Reactor core is located in a concrete lined cavity that acts as a radiation shield.
The upper shield or pile cap above the core, is made of steel
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On April 26, 1986, an accident occurred at & ﬁ‘-'-'-"—l' <
unit 4 of the nuclear power station

The accident, destroyed the reactor and
released massive amounts of radioactive
material into the environment.

Pripyat, the town near Chernobyl was
evacuated several days after the accident




Chernobyl Nuclear Power Station

135 000 people were removed from an area within a radius of
30 km.

The smoke and radioactive debris reached a height of 1200 m
and travelled across Russia, Poland and Scandinavia.

A cloud of material from the accident reached the UK and,
with heavy rain, there was material deposited on parts of north
Wales, Cumbria and Scotland.

This caused certain farm animals (e.g. lambs) to be banned
from sale as they had absorbed radiation from the grass.
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Total Fallout

Half-life Axtivity released (FBq)
Inert gases
Eryplon-85 10.72a 33
XMenon-133 5254 G500
Volatile elements
Tellutium-12%n EERT | 240
Tellutfum-132 326d ~1150
Iedine-131 Bidd ~1760
Iedine-133 .Eh 2500
Caesham-134 2 a -47"
Caesham-136 1514 36
Caesham-137 300 a ]
Elemewis with imiermediate volanility
Strontham-59 50.5d ~115
Strontham-20 21Za ~10
Ruthenium-103 3o3d +168
Rutheninm-106 aed =T3
Barfum-140 12.7d 240
Refractory claments (including fuel parscles ¥
Zirconham-95 adiod B
Moly bdenum-59 275d =T2
Cerlum-141 F1.5d i
Cerlum-144 284d =50
Meptuninm-23% 2354 400
Plutonlum-238 BT.74a 0015
Plutcnlum-239 24065a 0013
Plutcnlum-240 G537 a 001E
Plutonlum-241 144 m ]
Plutonlum-242 FT6000a 00000 25
Curium-242 lEla ~0.4



“Chernobyl is a grim reminder that nuclear power is a technology that simply
cannot be controlled.” Newsweek, May 1986
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Conclusions

*There is an argument about the use of nuclear power for
energy production

*The existence of nuclear power plants makes it more difficult
to enforce a nuclear weapons ban

*A nuclear power plant accident can expose huge numbers of
people to radiation

«Storage of radioactive products carries long-term dangers

*Nuclear power may cause less global warming than
conventional power generation
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