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(54) IMPROVEMENTS IN LIQUID METAL COOLED NUCLEAR
REACTORS
in loss of coolant from the fuel assembly
(71)
W e , NUCLEAR POWER COMPANY
LIMITED, 1 Stanhope Gate, London, W1A, it must at least afford reduced heat insula1EH, a British company do hereby declare tion and preferably enhance heat transfer
the invention, for which we pray that a to the vault structure.
5 patent may be granted to us, and the method
It is an object of the invention to provide
•by which it is to be performed, to be a construction of liquid metal cooled nuclear
particulally described in and by the reactor wherein a concrete containment
following statement:—
vault is lined with thermal insulation to
This invention relates to liquid metal protect the vault against heat radiated from
10 cooled nuclear reactors.
the reactor during normal operation of the
A liquid metal cooled nuclear reactor is reactor but wherein the efficiency of the heat
usually housed in a steel vessel which is insulation is reduced in an emergency to
itself enclosed within a steel lined concrete enable excessive heat from the reactor to be
containment vault and in order to prevent dissipated through the vault.
15 damage to the concrete due to heat radiated
According to the invention in a liquid
from the nuclear reactor it is usual to inter- metal cooled nuclear reactor comprising a
pose thermally insulating material between nuclear fuel assembly in a coolant containthe reactor containing vessel and the vault ing primary vessel housed within a concrete
lining. In one typical nuclear reactor con- containment vault and having thermally
20 struction known as a liquid metal cooled insulating material interposed between the
fast breeder nuclear reactor a fuel assembly vessel and the vault, the thermally insulating
is submerged in a pool of liquid sodium material is of two layers, a first Jayer
contained in a closed primary vessel and cladding the inner wall surface of the vault
the primary vessel is suspended at its rim being generally impervious to liquid metal
25 from the roof of a concrete containment coolant whilst a second layer cladding the
vault having a membrane lining. The first layer is pervious to liquid metal
normal operating temperature of the primary coolant. In normal operation both layers of
vessel is approximately 400°C so that thermally insulating material serve to prothermally insulating material is required to tect the concrete from heat radiated from
30 reduce heat radiation to the concrete. In the pool of high temperature coolant in the
the event of an emergency such as a breach vessel but in the event of a breach of the
of the primary vessel resulting in loss of vessel resulting in leakage of coolant, liquid
sodium from the pool the nuclear reactor is metal permeates the second layer thus proautomatically shut down but nevertheless viding a vehicle for heat transfer by
35 circumstances are envisaged wherein, due to conduction through the second layer of
decay heat generated in the fuel, the tempe- insulating material and thereby reducing the
rature of the sodium could rise to an overall insulating property of the two layers.
excessively high value
(approximately The first layer, being generally impervious
650°C) unless the excess heat is dissipated to liquid metal, protects the wall surface of
40 through the structure. Thus we have two the vault from substantially direct contact
conflicting requirements; thermally insulat- with the liquid metal.
ing material is required to reduce heat
The first layer of thermally insulating
transfer to the concrete during normal material may comprise ceramic bricks such
operation of the reactor but, in the event as, for example, magnesia or alumina, and
45 of a breach of the primary vessel resulting the second layer of thermally insulating
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material may be fibrous material such as, for
example, glass or alumino-silicate, or gas
pocket defining metallic sheets.
In a liquid metal cooled fast breeder
5 nuclear reactor according to the invention
the nuclear fuel assembly may be submerged
in a pool of liquid metal coolant in a primary vessel having an open top and which
is suspended from the roof structure of a
10 concrete containment vault with a lining
having cooling means, there being thermally
insulating material disposed within an interspace between the vessel and the vault, the
thermally insulating material being of two
15 layers, a first layer cladding the inner wall
surface of the vault and which is generally
impervious to liquid metal coolant, and a
second layer cladding the first layer and
which is generally pervious to liquid metal
20 coolant, there being an impervious cover
cladding the second layer of thermally insulating material and control means (or
flooding the second layer of thermally insulating material and the interspace bounded
25 by the impervious cover and the primary
vessel with liquid metal coolant to effect
heat transfer between the primary vessel
and the first layer of thermally insulating
material.
30 In a preferred construction of liquid
metal cooled fast breeder nuclear reactor
the first layer of thermally insulating
material comprises ceramic blocks of magnesia or alumina and the second layer of
35 thermally insulating material comprises gas
pocket defining metallic sheets.
A construction of nuclear reactor according to the invention has the advantage that
during continued normal operation the
40 concrete of the containment vault is not
subject to deterioration due to excessive
heat radiated from the nuclear fuel assembly
but in the event of an emergency wherein
excessive heat is radiated from the_ nuclear
45 fuel assembly the heat concentration can be
adequately moderated by heat transfer into
the concrete and the cooling means.
Constructions of liquid metal cooled fast
breeder nuclear reactor embodying the
50 invention are described, by way of example,
with reference to the accompanying drawings wherein:
Figure 1 is a sectional view of one construction,
55
Figure 2 is a fragmentary sectional view
of thermally insulating material used in the
construction shown in Figure 1,
Figure 3 is a sectional view of a second
construction, and
60
Figure 4 is a fragmentary sectional view
of thermally insulating material used in the
construction shown in Figure 3.
The construction shown in Figure 1 comprises a fuel assembly 1 submerged in a
65 pool 2 of liquid metal (sodium) coolant con-

tained by a primary vessel 3. The primary
vessel is suspended at its rim from the roof
of a concrete containment vault 4 which is
lined with a steel membrane 5. The steel
membrane is clad on its inner surface, that
is, the surface directed towards the primary
vessel, with thermally insulating material 6
to protect the concrete from heat radiated
from the pool of liquid metal. The fuel
assembly is carried on a diagrid 7 supported
from the wall of the primary vessel 3 and is
surrounded by a core tank 8 which divides
the pool of coolant into inner and outer
regions 9, 10. A pump 11 (one only being
shown but of which, in fact, there are
several) is arranged to pump coolant drawn
from the outer region 10 upwardly through
the fuel assembly 1 by way of the diagrid 7
thence to a heat exchanger 12 (again only
one of several heat exchangers being shown)
disposed in the inner region 9 of the pool
of liquid metal. The heat exchanger 12
discharges liquid metal to the outer region
10, heat energy having been transferred
from the coolant passing through the fuel
assembly to a secondary coolant circulating
through a secondary heat exchange circuit
including the heat exchanger. Thus in
operation of the nuclear reactor the outer
region 10 contains relatively cold liquid
metal at approximately 400°C whilst the
inner region 9 contains relatively hot liquid
metal at approximately 600°C. The roof
of the concrete vault 4 is penetrated by
control rods 13 and instrumentation 14 connecting the fuel assembly with display and
control apparatus outside the vault. In the
base regions of the vault 4 there is a dished
receptacle 15 for collecting (in the event
of leakage) liquid metal running down the
outer surface of the primary vessel and
there is liquid metal detection means (not
shown) associated with the receptacle for
indicating the presence of liquid metal.
The fuel assembly is surrounded by a
neutron shield 26.
The thermally insulating material 6 is
shown in greater detail in Figure 2. The
lining 5 of the vault is secured to the
concrete by studs 5a shown in broken line
and there are water conducting tubes 17
welded to the outer face of the lining 5 and
embedded in the concrete. The thermally
insulating material 6 is carried by a plurality
of studs 18 welded to the steel lining. A
first layer 6a of thermally insulating material
cladding the lining comprises an array of
ceramic bricks 19 or tiles which are impervious to liquid metal. The bricks are
each penetrated by two studs 18 the complementary nuts being received in counterbores 20 closed by cover plate 21 of like
ceramic material. The ceramic material
of the described construction comprises
magnesia but could also be of alumina and
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the bricks 19 are bedded and infilled with
heat resisting cement 22. The bricks also
have counterbores 23 which house screwed
sockets 24 the sockets being engaged by
5 studs 25 for supporting a second layer 6 b
of thermally insulating material.
The
second layer is of fibrous material which
in this construction comprises glass but
could equally well comprise alumino10 silicate and is arranged in three sub-layers
26 with perforated membranes 27 interposed
between the sub-layers. The second layer
6b is protected by an array of perforated
cover plates 28 carried by the studs 25 and
15 arranged to claim the material against the
bricks 19.
To prevent slumping of the
fibrous material of the second layer 6b a
plurality of upwardly inclined brackets 29
are provided, each bracket being arranged
20 to be carried from the first layer of thermally
insulating material and to penetrate the
second layer. The brackets 29 are formed
to provide lands 30 on which the sub-layers
are supported and studs 31 for carrying the
25 brackets 29 are again engaged with screwed
sockets 32 which are received in counterbores 33 in the bricks.
In normal operation the temperature
steps across the insulation are from approxi30 mately 350°C at the cover plates 28 to
60 °C at the interface between the first and
second layers to 45 °C at the lining. Heat is
withdrawn from the lining by water flowing through the tubes 17 so that the operat35 ing temperature of the concrete is not
sufficiently high to cause deterioration.
However, the construction provides that in
the event of a most unlikely emergency
resulting in a severe breach of the primary
40 vessel, leaking liquid metal will permeate
the second layer of thermally insulating
material thereby providing a vehicle for
heat transfer by conduction to the first
layer of thermally insulating material
45 thereby reducing the overall insulating
property of the layers. It is calculated that
the temperature of the liquid metal in
contact with the cover plates in such an
emergency could be 650°C and therefore a
50 substantially similar temperature will obtain
at the interfaces of the first and second
layers whilst at the membrane lining the
temperature will be at 200°C the heat being
dissipated by the coolant flowing through
55 the tubes 17.
An alternative construction of liquid
metal cooled fast breeder nuclear reactor
shown in Figure 3, is similar to that shown
in Figure 1 except that the primary vessel 3
60 is open at the top to avoid thermal stresses
at the roof attachment and is supported
from the roof structure of the vault 4 by
an annular series of tie straps 41. The
primary vessel incorporates a ' K ' section
65 annular yoke 42 the tie straps being attached

3

to the upwardly directed leg of the section.
The upwardly inclined leg and the downwardly directed vertical leg are each extended by the upper and lower strakes of
the vessel respectively whilst the fuel 70
assembly 1 is carried from the downwardly
inclined leg.
In this construction there are provided
pipe lines (one only being shown in broken
line and designated 43 in Figure 3) including 75
normally closed control valves 44 connecting the secondary liquid metal coolant
circuits to the interspace between the primary vessel and the wall of the concrete
vault, the control valves being adapted to 80
open on receipt of an emergency signal to
flood the interspace with coolant.
The
vault contains a gaseous atmosphere
(argon) providing a cover gas for the pool
of coolant. The second layer of thermal 85
insulation is of a conventional metallic foil
kind which, in general, comprises a series
of spaced stainless steel membranes 45
having dimpled spacer sheets 46 interposed
therebetween as shown in Figure 4. Heat 90
transfer across the metallic sheets is inhibited
by the gas interlayers formed therebetween.
The second layer of insulation is protected
by an impermeable cover 47 carried by
stud bolts 25 in similar manner to the cover 95
28 of the first described construction the
cover 47 of the second construction serving
to protect the second layer of thermally
insuplating material from deposition of
sodium vapour from the primary vessel. 100
The cover 47 is ribbed in the vertical and
horizontal directions to accomodate superficial thermal expansion.
In an emergency such as would cause the
temperature of the coolant in the outer 105
region of the pool of coolant in the primary
vessel to rise excessively, the control valves
are automatically opened to flood the interspace (including the second layer of
thermally insulating medium) with secon- 110
dary coolant, thereby providing a vehicle
for conduction of heat to the first layer of
insulation thence to the lined surface of the
concrete vault where the heat can be withdrawn by the water coolant circuit compris- 115
ing the tubes 17.
WHAT WE CLAIM IS: —
1. A liquid metal cooled nuclear reactor
comprising a nuclear fuel assembly in a
coolant containing primary vessel housed 120
within a concrete containment vault and
having thermally insulating material interposed between the vessel and the vault, the
thermally insulating material being of two
layers, a first layer cladding the inner wall 125
surface of the vault being generally impervious to liquid metal coolant whilst a second
layer cladding the first layer is pervious to
liquid metal coolant.
2. A
liquid
metal cooled nuclear 130
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reactor according to claim 1 wherein the
first layer of thermally insulating material
comprises a ceramic material.
3. A liquid metal cooled nuclear reactor
5 according to either of claims 1 and 2
wherein the second layer of thermally insulating material is fibrous material.
4. A liquid metal cooled nuclear reactor
according to claim 1 wherein the first layer
10 of thermally insulating material comprises
ceramic bricks of magnesia or alumina and
the second layer of thermally insulating
material is of glass fibres, alumino-silicate
fibres or gas pocket defining metal sheets.
15
5. A liquid metal cooled fast breeder
nuclear reactor comprising a nuclear fuel
assembly submerged in a pool of liquid
metal coolant in a primary vessel having an
open top and which is suspended from the
20 roof structure of a concrete containment
vault with a lining having cooling means,
there being thermally insulating material
disposed within an interspace between the
vessel and the vault, the thermally insu25 lating material being of two layers, a first
layer cladding the inner wall surface of the
vault and which is generally impervious to
liquid metal coolant, and a second layer
cladding the first layer and which is gene-

4

rally pervious to liquid metal coolant, there 30
being an impervious cover cladding the
second layer of thermally insulating material
and control means for flooding the second
layer of thermally insulating material and
the interspace bounded by the impervious 35
cover and the primary vessel with liquid
metal coolant to effect heat transfer between
the primary vessel and the first layer of
thermally insulating material.
6. A liquid metal cooled fast breeder 40
nuclear reactor according to claim 5
wherein the first layer of thermally insulating material comprises ceramic blocks of
magnesia or alumina and the second layer
of thermally insulating material comprises 45
gas pocket defining metallic sheets.
7. A liquid metal cooled fast breeder
nuclear reactor substantially as hereinbefore
described with reference to Figures 1 and 2
of the accompanying drawings.
50
8. A liquid metal cooled fast breeder
nuclear reactor substantially as hereinbefore
described with reference to Figures 3 and 4
of the accompanying drawings.
L. A. DUNNILL,
Chartered Patent Agent,
Agent for the Applicants.
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