












































The AVR reactor

At the end of 1961, the firm of Brown-
Boveri Company-Krupp, acting on the instruc-
tions of the Arbeitsgemeinschaft Versuchs-
reaktor company (AVR), a subsidiary of 15
German municipal electricity authorities,
began work on the construction of an
atomic power plant of 15 MWe equipped
with a gas-cooled high-temperature reac-
tor fuelled with pebble-type elements.
Work with the reactor has now progressed
so far that it is likely to be commissioned by
mid-1965.
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Energy out of “pebbles”

PROFESSOR R. SCHULTEN, Director of the Institute for Reactor Development, Head of the
THTR-Project, Jiilich Nuclear Research Establishment

The AVR reactor shares with other gas-
cooled high-temperature reactors (Dragon
and Peach Bottom) certain basic features:
— graphite is used both as moderator and
structural material for the core;

— thefuel is made up of particles of uranium
and thorium carbides coated with carbon
and dispersed in a graphite matrix, which
in its turn is held in a graphite structure;
— the coolant gas is helium.

The AVR reactor therefore shares with
Dragon and Peach Bottom certain advantages
inherent in these systems, such as:—high
efficiency, since the high gas temperature
permits the use of modern steam cycles;
— good conversion of fertile elements into
fissile elements (in particular thorium-232
into uranium-233) because of the absence of
neutron-absorbing structural materials in
the core;

— compactness (and therefore moderate
cost) because the presence of heat-resistant
ceramic materials only in the core makes it

possible to rely on large temperature
differences rather than large heating sur-
faces for good heat transfer.

The pebble-bed principle

There is however one important feature
which is unique to the AVR reactor. This
is the shape of the fuel elements, which
are spherical ‘‘pebbles’” of 6 cm diameter,
There is no question of fitting these pebbles
neatly into channels; they are designed,
literally, to lie in a heap. Loading a new
fuel-element into the AVR core boils down
simply to dropping a pebble on to this heap;
unloading a fuel element just means extrac-
ting a pebble from the bottom of the heap.
Protection against this indisputably rough
way of handling a fuel element is afforded
by the pebbles’ outer graphite casing.
Repeated tests have shown that a casing
of 10 mm thickness is adequate to reduce
the probability of damage to a small value.
Although it is unlikely that anyone would
dispute the simplicity of this system, it may
give the impression of being somewhat
haphazard. Yet this is not so: it is possible
to predict the “flow” of the pebbles through
the core within fairly fine statistical limits,
as experimental work on models has shown.
In view of the fundamental simplicity of the
arrangement, loading and unloading during
operation of the reactor present few prob-
lems. The AVR core is therefore very
flexible.

Whereas most reactor designs have to
permit adjustment of the core’s reactivity
through the provision of neutron-absorbing
control rods, which are inserted into the
core at the beginning of its life and gradually
removed as the fuel is spent, control rods
are superfluous in the case of the pebble-
bed; admittedly safety rods cannot be dis-
pensed with for obvious reasons, but the
day-to-day need for fine adjustments to the
reactivity can be satisfied simply by re-
moving or adding pebbles, by reshuffling
them, by modifying the gas flow etc. The
neutron economy of the system is therefore
substantially improved.

Moreover, the design offers the possibility
of checking the burn-up and the physical
condition of the pebbles at the unloading
points and thus deciding whether they
should be removed or reinserted and, if so,
where. The idea of making a computer
make all these decisions is being developed.
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