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IV Nuclear Energ

In 1932, ]. CHADWICK, after

redoing the Joliot-Curie
experiment, was able to
explain that the observed
highly penetrating rays was
not a y — rays but a massive
neutral particle rays
(~1uma) named initially
“neutrino’, adjusted later as
“neutron’.

Fritz Strassmann, Lise Meitner, Otto Hahn, realized
the first induced fission experiment in 1938 (Berlin)

Reactions classification

2md  of December
1942, E. Fermi
conducted the first

controlled fission

reaction chain
within Chicago-
Pile1



IV Nuclear Energy

In nature, Uranium is present
with two main isotopes:

« U235 (0.720%)

« U238(99.275%)

Tiny traces of U234 (0.005%) are
associated to the U238 decay.

235U
0.7202 %

Reactions classification




IV Nuclear Energy Nuclear fission
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IV Nuclear Energy Nuclear fission
U235 fission

Neutron Cross-Section
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IV Nuclear Energy Nuclear fission
U235 fission

Fission products yields
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IV Nuclear Energy Nuclear fission

U8 vs U5 Cross-sections Neutron Cross-Section
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IV Nuclear Energy Nuclear fission

U8 vs U5 Cross-sections Neutron Cross-Section
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IV Nuclear Energy Nuclear fission

U8 vs U5 Cross-sections Neutron Cross-Section
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IV Nuclear Energy Nuclear fission

U8 vs U5 Cross-sections Neutron Cross-Section
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IV Nuclear Energy Nuclear fission
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IV Nuclear Energy Nuclear fission

Neutron Cross-Section
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III Nuclear Reactions Nuclear reactor

Neutron slowdown

Nuclear Fuel
Nuclear Fuel Moderator (H,0) @

@@ Low neutron
@ velocity

®

Fission of U235 High neutron
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IV Nuclear Energy Nuclear fission

U8 vs U5 Cross-sections Neutron Cross-Section
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IV Nuclear Energy Nuclear reactor

Fission chain reaction

Neutron (n)
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IV Nuclear Energy Nuclear reactor
Multiplication factor
The multiplication factor describes the ratio between consecutive neutron N fissions
generation (neutrons produced simultaneously) : 1
_ Generationy,, 4 N.k fissions
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IV Nuclear Energy Nuclear reactor

Criticality and sustained fission

If somehow, someone could keep the k factor near 1 (critical system) we get what we
call “Sustained fission reactions chain”.
That what E. Fermi succeeded to do in dec. 1942 at Chicago Univ. with the first human-

made nuclear fission reactor CP-1.

The excess of neutrons should be handled to avoid any over-rate of fission reactions
(increase of reactor heat). In this case, some material known as neutrons absorbers are
used to control fission reactions chain. Boron, Cadmium, Gadolinium, Samarium are
used in the control rods conception, and inserted according the situation to reduce the

neutron population amount (Neutron flux)



IV Nuclear Energy Nuclear reactor

Criticality and sustained fission

o; (~ 500barn)

Slow Neutron

°—>

U235: Nuclear Fuel (Fuel rods)
H/O/C: Moderator - thermal n (+ efficient for fission)
B/Sm/Gd: Neutron absorbers (poisons) ( Control rods)

Kr94 / Bal39: Fission fragments (Fission Products)



III Nuclear Reactions

Nuclear reactor

OKklo phenomenon: 2 billion years old natural nuclear reactors (Gabon)

In 1956, ].P. Kuroda predicted that if
about 2 b.y old deposit of uranium
existed with sufficient content of
Uranium and hydrogenous material
(Water/Hydrocarbons), sustained
fission chain reactions may be ignited
and sustained.

In 1972, fossil nuclear fission reactors
were discovered in U-deposit in Oklo
deposit (near Franceville, Gabon)

I n\’.
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IV Nuclear Energy Nuclear reactor

Nuclear reactor design Control rod (g >)




IV Nuclear Energy

Nuclear reactor

Nuclear reactor design

Fuel
Assembly

The 264 fuel
rods are bundled
with grids, and
the fuel
assembly is >
equipped with
top and bottom
nozzles.,

Pressurized
water reactor
(PWR)
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4 A cladding tube
contains about 400
pellets with both
ends plugged.
Those pellets are
fixed with springs.

T
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Alranium
powder is baked
into the pellet
formin a
cylindrical shape.
About five grams
of the pellet can
produce
electricity that
could support a
normal
household life for
six months,



IV Nuclear Energy

Nuclear reactor core

Reactor core

control rod

drive assembly
fuel assembly

upper grid plate”

reactor
pressure vessel

fuel assemblies

fuel assembly

© 2012 Encyclopaedia Britannica, Inc. lower grld plate

Arrangement of nuclear FAs to obtain the reactor core

Nuclear reactor

NUCLEAR REACTOR
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Control rod
(Neutron catchers)

Nuclear fuel
Cold coolant

Moderator

Radiation /

protection barrier

Operating the nuclear reactor to obtain usable heat



IV Nuclear Energy Nuclear reactor
Nuclear reactor core

) Generation IV
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Generation Il B
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IV Nuclear Energy Nuclear reactor
Nuclear reactor technologies

A given nuclear reactor technology is defined according: the fuel (Natural, Low enriched, Highly enriched),

Moderator (Light water, Heavy Water, Graphite, Gaz) and Coolant (Water, gaz, salt)

Pressurized
Pressurized Boiling heavy water Gas cooled
water reactor water reactor reactor (CANDU) reactor
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IV Nuclear Energy Nuclear reactor
Nuclear Power Plant (NPP)

Containment Structure

Pressurizer Steam
= Generator
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IV Nuclear Energy Nuclear reactor
Nuclear Power Plant (NPP)

Containment Structure

Reactor
Vessel

Condenser




Small modular reactors and

Micro-reactors

Microreactor
1MW -20 MW

y

Small Modular Large-Scale

Reactor Reactor
20 MW - 300 MW 300 MW - 1,000+ MW




IV Nuclear Energy

TOKAMAK

Nuclear fusion

TOroidalnaia KAamera s MAgnitnymi Katushkami :
Toroidal chamber with magnetic coils

The proposal to use controlled thermonuclear fusion
for industrial purposes and a specific scheme using
thermal insulation of high-temperature plasma by an
electric field were first formulated by the Soviet
physicist Oleg Lavrentiev in a mid-1950. In 1951,
Andrei Sakharov and Igor Tamm proposed to modify
the scheme by proposing a theoretical basis for a
thermonuclear reactor, where the plasma would have
the shape of a torus and be held by a magnetic field.
The first TOKAMAK or Fusion Reactor was built in
1954 in USSR.



IV Nuclear Energy Nuclear fusion

ITER (International Thermonuclear Experimental Reactor)
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IV Nuclear Energy Nuclear fusion
ITER (International Thermonuclear Experimental Reactor)
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IV Nuclear Energy Nuclear fusion

KSTAR (Korea Superconducting Tokamak Advanced Research)

KSTAR  achieved a  plasma
temperature higher than 100
million degrees Celsius lasting for

48 seconds, hitting a new record, in
Februray 2024




IV Nuclear Energy Nuclear fusion

EAST (Experimental Advanced Superconducting Tokamak)

In May, 2021, EAST reached a
milestone of 120 million °C
electron temperature for 101
seconds

On April 12, 2023, EAST |
achieved the world'’s first 403- @ _ 5 )
second steady-state plasma K v AhaNe—

%,“" —



IV Nuclear Energy Nuclear fusion

Inertial confinement fusion

l 2 kli 3 4
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1. Laser beams or laser-produced X-rays rapidly heat the
surface of the fusion target, forming a surrounding plasma
envelope.

2. Fuel is compressed by the rocket-like blowoff of the hot
surface material.

3. During the final part of the capsule implosion, the fuel
core reaches 20 times the density of lead and ignites at
100,000,000 °C.

4. Thermonuclear burn spreads rapidly through the
compressed fuel, yielding many times the input energy.
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