@ What is an ADS?

An ADS (accelerator-driven system) is
a hybrid system, comprising a
nuclear reactor operating in subcritical
mode, i.e. a reactor unable by itself to sus-
tain a fission chain reaction, “driven” by
an external source, having the ability to
supply it with the required comple-

for a reactor in normal operating condi-
tions; and, if ke is lower than 1, the neu-
tron population dwindles, and becomes
extinct, unless - as is the case for a hybrid
system - an external source provides a
neutron supply.

ter then go on to interact with the fuel of
the subcritical neutron multiplier
medium, yielding further neutrons (fis-
sion neutrons) (see Figure).

Most hybrid system projects use as a core
(of annular configuration, as a rule) fast-
neutron environments, since these

ment of neutrons. (!
Inside the core of a nuclear reactor,
indeed, it is the fission energy from

heavy nuclei, such as uranium 235
or plutonium 239, that is released.
Uranium 235 yields, when under-
going fission, on average 2.5 neu-
trons, which can in turn induce a

further fission, if they collide with a

make it possible to achieve neu-
window tron balances most favorable to
. transmutation, an operation that

accelerator spallation i ;
target allows waste to be “burned,” but
B—>—>—>1f ¢ providing | whichmayequallybe used toyield
100keV e external | fyrther fissile nuclei. Such a sys-

neutrons

proton tem may also be used for energy
source subcritical reactor ge.neration, even though p.art of
this energy must be set aside to

uranium 235 nucleus. It may thus

be seen that, once the initial fission Principle schematic of an ADS.

isinitiated, a chain reaction may develop,
resulting, through a succession of fis-
sions, in arise in the neutron population.
However, of the 2.5 neutrons yielded by
the initial fission, some are captured, thus
not giving rise to further fissions. The
number of fissions generated from one
initial fission is characterized by the effec-
tive multiplication factor ke, equal to the
ratio of the number of fission neutrons
generated, over the number of neutrons
disappearing. Itis on the value of this coef-
ficient that the evolution of the neutron
population depends: if ke is markedly
higher than 1, the population increases
rapidly; if itis slightly higher than 1, neu-
tron multiplication sets in, but remains
under control; this is the state desired at
reactor startup; if ke is equal to 1, the
population remains stable; this is the state

0l (1) On this topic, see Clefs CEA, No. 37, p. 14

From the effective multiplication factor,
areactor’s reactivity is defined by the ratio
(Ketr =1)/kesr. The condition for stability is
then expressed by zero reactivity. To sta-
bilize a neutron population, it is sufficient
to act on the proportion of materials exhi-
biting a large neutron capture cross-sec-
tion (neutron absorber materials) inside
the reactor.

In an ADS, the source of extra neutrons
is fed with protons, generated with an
energy of about 100 keV, then injected
into an accelerator (linear accelerator or
cyclotron), which brings them to an energy
of around 1 GeV, and directs them to a
heavy-metal target (lead, lead-bismuth,
tungsten or tantalum). When irradiated
by the proton beam, this target yields,
through spallation reactions, an intense,
high-energy (1-20 MeV) neutron flux, one
single incoming neutron having the abi-
lity to generate up to 30 neutrons. The lat-

power the proton accelerator, a
partthatis all the higher, the more
subcritical the system is. Such a system
is safe in principle from most reactivity
accidents, its multiplication factor being
lower than 1, contrary to that of a reac-
tor operated in critical mode: the chain
reaction would come to a halt, if it was
not sustained by this supply of external
neutrons.

A major component in a hybrid reactor,
the window, positioned at the end of the
beam line, isolates the accelerator from
the target, and makes it possible to keep
the accelerator in a vacuum. Traversed
as it is by the proton beam, it is a sensi-
tive part of the system: its lifespan
depends on thermal and mechanical
stresses, and corrosion. Projects are moo-
ted, however, of windowless ADSs. In the
latter case, it is the confinement cons-
traints, and those of radioactive spalla-
tion product extraction, that must be taken

on board.
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