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(71) W e , UNITED KINGDOM ATOMIC 
ENERGY AUTHORITY, London, a British 
Authority, do hereby declare the invention, 
for which we pray that a patent may be 

5 granted to us, and the method by which 
it is to be performed, to be particularly des-
cribed in and by the following statement: — 

This invention relates to nuclear reactors, 
and in particular to a core configuration for 

10 liquid metal cooled fast breeder nuclear re-
actors. 

According to the invention, a liquid metal 
cooled fast breeder nuclear reactor whose core 
is of upright generally cylindrical boundary 

15 has a core configuration which includes a 
central generally cylindrical breeder region, 
a first fissile region which completely em-
braces the central breeder region, a second 
fissile region wholly or partially surrounding 

20 said first fissile region with axial and radial 
clearance therebetween, an inner breeder 
region occupying the axial and radial clear-
ance between the first and second fissile 
regions, and an outer breeder region extending 

25 both axially and radially from the outer 
boundary of the second fissile region to the 
generally cylindrical core boundary. 

In a preferred construction, the said second 
fissile region only partially surrounds the first 

30 fissile region, the 'corner' fissile portions of a 
wholly surrounding fissile region being re-
placed by breeder material. This enables the 
annular region between the first and second 
fissile regions to be entirely breeder, thereby 

35 improving the breeding, ability and simplifying 
the design of the structural elements which 
in practice constitute this region. In par-
ticular, such elements, and also those con-
stituting the outer radial breeder, can be 

40 constituted by breeder pins which are of 
greater diameter than the pins involving fissile 
material, since the heat rating (where ceramic 
fuel is employed) of breeder pins is lower than 
that for fissile pins, thereby enabling a higher 

45 breeder/structural material (such as stainless 
steel) ratio to be achieved. Generally, the re-
placement of said 'corner' fissile regions by 

breeder can by suitable choice of parameters 
result, in a single enrichment core, in reduced 
fissile inventory and improved doubling time 50 
whilst retaining core flattening. 

The radial portion of the said second fissile 
region, in order to achieve the omission of 
the 'corner' fissile portions referred to in the 
last paragraph, thus has a maximum height 55 
of the distance between the inner boundaries 
of the remaining axial portions of the said 
second fissile region. In one specific example, 
the said height may be the same as the 
height of the hollow cylinder constituting said 60 
first fissile region. 

Preferably the fissile material is mixed 
uranium and plutonium oxides, and the 
breeder material is uranium carbide, but the 
possibility of the employment of carbides for 65 
both fissile and breeder is not excluded. 

In order that the invention may be fully 
understood and more readily carried into 
practice, embodiments thereof will now be 
described with reference to the drawings 70 
accompanying the provisional specification 
wherein: — 

Figure 1 is a side view in medial section 
of a first embodiment of core configuration, 

Figure 2 is a similar view to Figure 1 and 75 
illustrates a second embodiment, and 

Figure 3 is a medial section showing one 
quarter of a third embodiment of core con-
figuration. 

Referring firsdy to Figure 1, the core con- 80 
figuration illustrated diagrammatically therein 
consists of a central generally cylindrical 
breeder region 1, a fissile region 2 which com-
pletely embraces the region 1, a fissile region 
3 which wholly surrounds the region 2 with 85 
axial and radial clearance, a inner breeder 
region 4 which occupies the axial and radial 
clearance between regions 2 and 3, and an 
outer breeder region 5 which completely em-
braces the region 3 and extends to the gener- 90 
ally cylindrical core boundary indicated by the 
dot-and-dash outline 6. In practice, the outer 
breeder region 5 is constituted by radial 
breeder pins (indicated diagrammatically by 
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the vertical lines 7) which extend the full 
height of the core and are of greater diameter 
(e.g. 0.5") than that (e.g. 0.2") of pins which 
incorporate fissile material and constitute the 

5 .remaining regions of the core, such pins of 
smaller diameter being indicated diagram-

Tnatically by the vertical lines 8. Thus the 
ratio of breeder material to structural material 
of the pins in the region 5 is able to be 

10 made-more favourable than if pins of smaller 
diameter were employed. The pins of smaller 
diameter constituting the cylindrical regions 
other than region 5 can either be of full core 
height and incorporating the different 

15 materials therein separated by spacers, or can 
be separate for separate materials but axially 
aligned and either stacked or interconnected 
at their ends. 

Considered as concentric core regions, the 
20 central region is cylindrical and is indicated 

within the dashed lines 9, 9' being constituted 
by small-diameter pins containing central 
breeder material constituting the region 1, 
inner axial fissile material constituting the top 

25 and bottom of the region 2, inner axial breeder 
material constituting part of the top and 
bottom of the region 4, outer axial fissile 
material constituting part of the top and 
bottom of the region 3, and outer axial 

30 breeder material constituting part of the top 
and bottom of the region 5. 

The next concentric region considered 
radially outwardly is annular and is bounded 
by the dashed lines 10, 10' on the outside, 

35 and 9, 9' on the inside. The smaller dia-
meter pins constituting it have central fissile 
material constituting the sides of the region 
2, inner axial breeder material constituting 
the remainder of the top and bottom of the 

40 region 4, outer axial fissile material constitut-
ing a further part of the top and bottom of 
the region 3, and outer axial breeder material 
constituting a further part of the top and 
bottom of the region 5. 

45 The next concentric region considered 
radially outwardly is again annular and is 
bounded on the outside by the dashed lines 
11, 11' and on the inside by 10, 10'. The 
smaller diameter pins constituting it have 

50 central breeder material constituting the sides 
of the region 4, outer axial fissile material 
constituting the remainder of the top and 
bottom of the region 3, and outer axial breeder 
material constituting a still further part of the 

55 top and bottom of the region 5. 
The next concentric region considered 

radially outwardly is again annular and is 
bounded on the outside'by the dashed lines 12, 
12' and on the inside by 11, 11'. The smaller 

diameter pins constituting it have central fissile 60 
material constituting the sides of region 3, and 
outer axial breeder material constituting the 
remainder of the top and bottom of the 
region 5. 

Finally the radially outermost concentric 65 
region is annular and is bounded on the out-
side by the core side boundary 6 and on the 
inside by 12, 12'. The larger diameter pins 
constituting it incorporate, as previously des-
cribed, all breeder material and form the 70 
radial breeder blanket part of the region 5. 

Referring now to Figure 2, it will be 
appreciated by comparing with Figure 1 that 
the core configuration illustrated therein is 
similar to that shown in Figure 1 except that 75 
the corners of the outer fissile region (3 in 
Figure 1) have been removed. One is left 
with an incomplete outer fissile region which 
does not fully embrace the inner breeder 
region, and the removed parts are replaced by 80 
breeder material. This enables the provision 
of an inner annular breeder region extending 
for full core height and without fissile 
material, consequently, larger diameter pins 
can be employed with the advantage before- 85 
mentioned. Because Figure 1 has been ex-
haustively described, it is thought necessary 
only briefly to describe the concentric regions 
of the core configuration shown in Figure 2. 
The central and next radially outer regions 90 
are similar to those bounded by lines 9, 9' and 
10, 10', 9, 9' of Figure 1. The next radially 
outer region is constituted by greater dia-
meter pins containing only breeder material 
and bounded on the inside by the dashed 95 
lines 13, 13' and on the outside by dashed 
lines 14, 14'. The next radially outer annular 
region is similar to that in the core configura-
tion of Figure 1 which is bounded by lines 
12, 12', 11, 11' except that the fissile material 100 
does not extend as far axially outwardly as 
it does in the core configuration of Figure 1. 
The outermost annular region is similar to 
the same region in the core configuration of 
Figure 1, being constituted by greater dia- 105 
meter breeder pins. The height of the outer 
radial fissile region is largely a matter of 
choice; in the configuration shown in Figure 
2 its upper and lower limits are approxi-
mately midway between the inner and outer 110 
axial fissile regions. 

In the configuration shown in Figure 3, 
the only difference from that shown in Figure 
2 is that the outer radial Sssile region is of 
equal height to that of the inner axial fissile 115 
region. For the configuration shown in Figure 
3, the following parameters have been 
established 
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Radial Dimensions Radial dimension 
from core axis 

to outer boundary 
of zone, cms. 

5 Central zone (to line 
15) 27 

1st annular zone (to line 
16) 57 

2nd „ „ (to line 
10 17) 75 

3 rd „ „ (to line 
18) 140 

4th „ (to core 
boundary, 

15 line 19) 180 

Axial Dimensions 

20 Central breeder region 
(to line 20) 

Inner axial fissile region 
(to line 21) 

Outer radial fissile region 
25 (to line 21) 

Inner axial breeder region 
(to line 22) 

Axial dimension 
from core centre 
line to boundary 
of region, cms. 

12 

32 

32 

44 

Outer axial fissile region 
(to line 23) 92 

Outer axial and radial 
breeder regions (to core 
boundary, line 24) 132 

Other Parameters 

Mean enrichment 0.257 
Critical mass Kgs. of 

equivalent Pu239 2235 
Hold-up mass kgs. of 

equivalent P u 2 3 9 1 9 82 
Power MW(E) 1500 
Breeding gain 0.376 
Inventory kgs, equiv. 

Pu239/MW(E) 2.82 
Doubling time (years) these 

figures being based on a 
maximum rating of 308 
watts/gram, 10% burn-
up, load factor of 0.75, 
hold-up time of 9 months, 
and a wastage of 2% 13.1 

The composition of the fissile and breeder 
regions is as follows: — 

30 

Fissile Regision 
(Pu02/Uoo) v/o 

55 Heavy Elements 
Structural 

Materials 
(steel) 

Sodium 

34.8 

23.8 
41.4 

Breeder region, 
smaller dia. 
Pin (UC) v/o 

34.8 

23.8 
41.4 

Breeder region, 
larger dia. 

pin (UC) v/o 

57 

22.9 
20.1 

35 

40 

45 

50 

60 The advantages of core configurations 
according to the invention are: single enrich-
ment, good radial and axial form factors (1.17 
and 1.23 respectively for the Figure 3 core), 
good overall form factor (1.44 for the Figure 

65 3 core), high breeding gain, short doubling 
time, good voiding characteristics, little 
gagging required, and reduced inventory. 

WHAT WE CLAIM IS : — 
1. A liquid metal cooled fast breeder 

70 nuclear reactor whose core is of upright 
generally cylindrical boundary, characterised 
by a core configuration which includes a 
central generally cylindrical breeder region, a 
first fissile region which completely embraces 

75 the central breeder region, a second fissile 
region at least partially surrounding said first 
fissile region with axial and radial clearance 
therebetween, an inner breeder region occupy-
ing the axial and radial clearance between 

80 the first and second fissile regions, and an 
outer breeder region extending both axially 
and radially from the outer boundary of the 
second fissile region to the generally cylin-
drical core boundary. 

2. A nuclear reactor according to claim 1, 85 
characterised in that said second fissile region 
only partially surrounds the first fissile region, 
the 'corner' fissile portions of a wholly sur-
rounding fissile region being replaced by 
breeder material. 90 

3. A nuclear reactor according to claim 2, 
characterised in that the annular region be-
tween the first and second fissile regions is 
entirely breeder and of full core height, and 
structural core elements constituting said 95 
annular region are of greater diameter than 
the structural core elements which include 
fissile material, whereby to enable a higher 
breeder/structural material ratio to be 
achieved. 100 

4. A nuclear reactor according to either 
of claims 2 and 3, characterised in that the 
height of the radial portion of the second 
fissile region is the same as that of the hollow 
cylinder constituting the first fissile region. 105 

5. A nuclear reactor according to any of the 
preceding claims, characterised in that the 
fissile material is mixed uranium and 
plutonium oxides, and the breeder material 
is uranium carbide. 110 
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6. A liquid metal cooled fast breeder 
nuclear reactor having a core configuration D. S. BOSSHARDT, 
substantially as hereinbefore described with Chartered Patent Agent, 
reference to Figure 1, or Figure 2, or Figure Agent for the Applicants. 

5 3 of the drawings accompanying the Provi-
sional Specification. 

Pr in ted for H e r Majesty's Stat ionery Office, by the Courier Press, Leamington Spa, 1972. 
Published by The P a t e n t Office, 25 Southampton Buildings, London, WC2A 1AY, from 

which copies may ha obtained. 
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