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Fission, fusion, fossil fuel burning? GE@WHMH@J

Forum~

The potential of nuclear energy is fantasticl

Helium
L 3.5 Mew

D+T —— He +n +17.6 MeV n+ U 5 25n + produits de fission
+ 200 Me'

Combustion of 1 ton of fossil oil: /0.5 MWd' (42 GJ)
Total fission of 1 g of 23%U: 1 Mwd (83 GJ)

Total fusion of 1 g of fuel (D,T): 4 MWd (330 G6J)
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Why is a new generation of nuclear reactors needed? GE@l”H'“M"T@"
. J Forum®
Open cycle in LWRs

Utilization of uranium ore for 1 GWe x year -
e 1t-> Wth + FP
20 tons
200tons | | E us% |=>|R|=> [o2tPu
Unat | m—)
18.8 ton Ure
180 tons \ Urep
Udep
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In PWRs, about 5% of the initial uranium set in reactor (enriched U)
is consumed for electricity production (fuel technological limits)

This represents only 0.5-0.6% of the initial natural uranium

(FNRs) need only 1 ton U238 (Udep & Urep) that is converted
into plutonium and burned in situ (regeneration - breeding of fissile fuel)
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What is the condition for self-sustained reaction@E@ ernational

A necessary condition for criticality is that the reproduction Forum®
factor nis significantly larger than 1

Reproduction factor n for uranium fuel (fissile fraction e):

Fissile fractione 0.71% 3% 10 % 15 % 100 %
(U nat)
k e . AROMW " LR For fast neutrons 0.35 0.85 1.07 ) 1.88
=
AR, For « thermal > 133 | 184 D200 | 202 | 207
. neutrons .

The chain reaction is not possible with natural uranium and fast neutrons.
Therefore 2 solutions:
+ to slow down neutrons (criticality possible whatever the fissile content, Unat
possible for strict neutron economy)
=» Thermal Neutrons Reactors, TNR (PWR, BWR, CANDU,...)
+ to use fast neutrons and subsequently increase the fissile fraction in the fuel
=» Fast Neutrons Reactors, FNR 16
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Why Fast Neutron Reactors?
The waste management issue GE@“

* Plutonium is the major contributor to the Iog
term radiotoxicity of spent fuel Plutonium recycling

* After plutonium, MA (Am, Cm, Np) have the major
impact to the long term radiotoxicity = MA transmutation
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Radiotoxicity after 1000 years

Relative radio toxicity

The ratio fission/capture is favourable to MA fission with fast neutrons 27
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General characteristics of nuclear reactors in op

eration
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Reactor type Fuel type Moderator Coolant Core power Pressure Temperature Efficiency
: o ion | Excellence
density (bar) (°c) (%)
(MwW/m3)
UNGG
C co, 1 41 400 30
Magnox Unat
PHWR D,0 D,0 12 130 300 30
LWGR C H,0 2 70 284 31
U1-2%
AGR C co, 2 40 645 40
BWR 50 72 288 37
U 3-5% H,0 H,0 ]
PWR 100 155 330 35
FBR (FNR) Pu 20-30% Na 500 1 550 40 m ﬂ_&h‘b‘l};m”“
—mmm VHTR mm
Neutron spectrum (T/F) T/F?
Moderator H,0 raphite (or
hit 2 = H,0
. . . e (or D,0) none) Z
Coolant Pb | |
Na (or Pb-Bi) He He H,0 molten salt H50
Fuel type MOX nitride bid carbide UOX, liquid fuel Uuox,
(pins) (pins) carbice (particles) MOX (U, Pu, Th) MOX
Core outlet t° (°C) 550 500 850 >900 550 700 330
Primary pressure (MPa) 0.1 0.3-0.4 7 5-8 25 0.1-0.2 155
Core power density (MW/m?3) 240 140 100 4-6 100 20-300 100
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The values given in the table are fairly indicative!
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GIF and a new generation of nuclear systems
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Nuclear is a CO,-free option for sustainable energy
New requirements for sustainable nuclear enerqy

Search innovative solutions for:
Waste minimisation
Natural resources conservation
Proliferation resistance

Perform continuous progress on:.
Competitiveness
Safety and reliability

Develop the potential for new applications:

hydrogen, syn-fuels, desalinated water, process
heat

= Systems marketable from 2040 onwards
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