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General objectives
Gas cooled fast reactors (GFR) represent one of the three European candidate fast reactor types.
Allegro

Gas Fast Reactor (GFR)
Potential Site:

Jaslovské Bohunice Slovakia

Astrid

Advanced Sodium Technical Reactor for Industrial Demonstration
Sodium Fast Reactor (SFR)
Site:
Marcoule France

Alfred

Advanced Lead Fast Reactor European Demonstrator
Led Fast Reactor (LFR)
Potential Site:
Cerna Voda, Romania
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Gas-Cooled Fast Reactor System

The GFR system features a fast-spectrum helium-cooled reactor.
The high outlet temperature of the helium coolant
makes it possible to deliver electricity, hydrogen,
or process heat with high conversion efficiency.
Through the combination of a fast-neutron spectrum
and full recycle of actinides,
GFRs minimize the production of long-lived radioactive waste isotopes.
The GFR’s fast spectrum also makes it possible
to utilize available fissile and fertile materials
(including depleted uranium from enrichment plants)
two orders of magnitude more efficiently than thermal spectrum
gas reactors with once-through fuel cycles.
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Gas-Cooled Fast Reactor System
Why have gas cooled fast reactors ?
•

Sodium cooled fast reactors are the shortest route to fast reactors deployment,
but the sodium coolant has some undesirable features:
- Chemical incompatibility with air and water
- Liquid metal reactors have a strong positive void coefficient of reactivity
- Avoiding sodium boiling places a restriction
on achievable core outlet temperature.

•

Gas cooled fast reactors do not suffer from any of the above:
- chemically inert,
- very stable nucleus,
- void coefficient is small (but still positive),
- single phase coolant eliminates boiling
- optically transparent.
But …
- Gaseous coolants have little thermal inertia
=> rapid heat-up of the core following loss of forced cooling;

•

•

Motivation is two-fold: enhanced safety and improved performance
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Helium Coolant - Positive features
1. Neutronic quasi-transparency
Gas coolants generally allow a harder neutron spectrum,
which increases the breeding potential of the reactor.
2.Simple in-service inspection of the primary system
and internal vessel components
because of the translucent nature of the coolant.
3. Helium is chemically inert
no corrosion products in the primary system are expected.
4. The coolant does not become activated by irradiation.
5. No change in phase of the gas coolant.
6. No decommissioning issues associated with the coolant.
7. Helium coolant can be operated under very high temperatures
no disassociation of Helium allowing very high system efficiencies.
(CO2 disassociates ~ 800 °C)
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Helium Coolant - Disadvantages
1. Higher pumping power compared to liquid coolants
2. Need to maintain high pressure in the system,
typically around 7 MPa for helium systems,
3. Gas coolant properties generally require artificial
roughening of the cladding to maintain acceptable cladding temperature
=> an increased pressure drop over the core
=> higher requirement on pumping power
4. High coolant flow velocity can lead to significant vibrations of the fuel pins.
5. Decay heat extraction from the high power density core is difficult.
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Helium Coolant

ρ [kg/m3]
cp [J/kg/K]
λ [W/m/K]

Water
15 MPa,
300°C
725.55
5475
0.561

CO2
6 MPa,
500°C
40.86
1182
0.06

He
6 MPa,
500°C
3.7
5190
0.303

Ar
6 MPa,
500°C
37.29
525
0.037

Na
0.1 MPa,
500°C
857
1262
66.3

Helium is a good gas coolant,
the main drawback being its low capability regarding natural convection

1kg of Water (15MPa, 300 °C, 725 kg/m3) => 1.4 dm3
1kg of He (6MPa, 500 °C, 3,7 kg/m3) => 270 dm3
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ALLEGRO Project
A technology demonstration as a first gas-cooled fast reactor

ALLEGRO
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GFR 2400

ALLEGRO Project
A technology demonstration as a first gas-cooled fast reactor

ALLEGRO

GFR 2400
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ALLEGRO concept by CEA
primary and secondary system overview
The CEA (Commissariat à l'énergie atomique et aux énergies alternatives)
design of ALLEGRO
is characterized by two main loops
and thermal power 75 MWth.
The secondary loop includes pressurized water.
The final heat sink is the atmosphere.
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Gas Cooled Fast Reactors: System design
GFR primary system
Simplified scheme
of primary coolant flow

Cross section of primary pipe
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Main characteristic of the ALLEGRO core
The reactor shall be operated with two different cores:
The starting MOX core will serve to test the
operation of the gas cooled fast reactor
with well established fuel.
The second core using the ceramic fuel
will serve for testing the new fuel design.

Fuel 87
Diverse Shutdown Devices (DSD) 4
Control and Shutdown Devices (CSD) 6
Reflector
Schield

MOX Core
Core power

Ceramic Core

75 MWth

Coolant pressure

7 MPa

Primary mass flow rate

53 kg/s

36 kg/s

Core inlet temperature

260 °C

400 °C

Core outlet 14
temperature

560 °C

850 °C

Technology Base for the GFR
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Technology Base for the GFR

16

General objectives

The ultimate objectives of ALLEGRO
1. Demonstration of the GFR gen-4 concept,
(alternative technology to the reactor cooled by molten sodium)
-demonstration of the technological feasibility, helium cooling and high
temperature core,
- demonstration of the breeding capacity,
- demonstration of the ability of transmutation of actinides.
2. Demonstration of heat production at industrial and economic conditions.
As a one of fast reactor would produce heat about 850°C, which will be able to
chemically produce hydrogen.
High temperature heat could be used also for technological purposes.
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Main safety issues for the GFR technology

Core coolability and a lack of thermal inertia related to the helium coolant:
in the case of depressurisation of the primary circuit it is essential that either
forced circulation is maintained within the primary circuit or a minimum pressure
adequate for sufficient natural circulation is maintained.
Relative small negative reactivity feedback at power rise
(and small, but positive void effect)
that causes problem during unprotected scenarios.
Due to the high outlet temperatures
the difference between clad melting and peak operational temperature is small.
Material problems due to helium
(lack of oxygen can remove the natural oxide layer from structural materials)
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Main safety issues for the GFR technology

Two major issues for GFR

The design of a high temperature fuel element,
able to retain integrity in case of loss of forced cooling accident,
to withstand high fast neutron fluxes,
and offering good neutronic performances.

Safety and decay heat removal
in case of loss of helium pressure.
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Thank you
for your attention

VUJE, a.s.
Okružná 5
918 64 Trnava
Slovak Republic

www.vuje.sk
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