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(54) IMPROVEMENTS IN NUCLEAR REACTORS 

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

5 may be granted to us, and the method by 
which it is to be performed, to be particularly 
described in and by the following state-
ment:— 

The present invention relates to nuclear 
10 reactors and more specifically is concerned 

v/iih closure shield plugs for closing nuclear 
reactor vessels. Such a plug may be adapted 
for rotation in order that a refueling facility 
carried eccentrically by the plug may service 

15 various positions. In a case such as this the 
inner face of the closure shield plug may be 
expected to become exposed in service to 
high levels of temperature and ionising radia-
tion. Consequently the plug incorporates both 

20 thermal and radiation shielding in order that 
the temperature and radiation may be reduced 
to acceptable levels at the outer face. The 
plug therefore has considerable depth. 

The plug is typically a generally cylindrical 
25 shell penetrated from top to bottom by a 

variety of penetrations, such as those for 
refuelling, control and instrumentation pur-
poses. Furthermore the plug may be provided 
with one or more changes of diameter to 

30 accomodate means to prevent ejection of the 
plug under extreme or fault conditions. Still 
further, size considerations may well dictate 
that internal reinforcement of the shell needs 
to be provided. All these factors combine 

35 in making it difficult to fill the shell with the 
required radiation shielding material and to 
ensure a complete fill with reasonably constant 
constant density. Hitherto, concrete has been 
employed, but experience has shown that it is 

40 possible for the concrete to dry out incom-
pletely, so that there could be liberation of 
water during the reactor lifetime, causing 
corrosion of penetration tubes and consequent 
release of water into the reactor internals, 

<i5 which, particularly in the case of a liquid 
metal cooled reactor, cannot be countenanced, 

The Complete Specification of our copending 
application No. 9006/67 (Serial No. 
1,214,136) discloses an alternative shielding 
material to concrete, namely steel shot bonded 50 
with epoxy resin. Such resins are however 
expensive and large quantities are required 
for a plug for a power-producing reactor; 
for example a fabricated empty shield for a 
250 MW(E) sodium-cooled fast breeder 55 
reactor, weighs 100 tons and requires about 
80 tons of infill. Furthermore, trials exhibit 
difficulty in achieving constant density of 
infill, and workability to ensure good filling 
was barely satisfactory. 60 

It is an object of the invention to provide, 
as infill for a nuclear reactor shield plug, a 
radiation shielding composition in which the 
said disadvantages are largely obviated. 

According to the invention, a radiation 65 
shielding composition for infill for a nuclear 
reactor closure shield plug comprises a mixture 
of 59—61 volume % iron shot with a binder 
comprising 29—31 volume % iron dust and 
9.5—10.5 volume % of an epoxy resin. 70 

The reasons for the very limited ranges of 
the constituents of the mixture is that it is con-
sidered essential for the infill when in position 
to be such that each iron shot sphere touches 
all adjacent iron shot spheres, and the binder 75 
mixture occupies the intersites between the 
spheres. The tolerance on composition allow 
for the iron shot being constituted by imper-
fect spheres and/or with some small variation 
in sphere diameter, as occurs with iron shot 80 
of commercial quality. 

The preferred composition is 60 v/o iron 
shot, 30 v/o iron dust, and 10 v/o epoxy 
resin. A preferred epoxy resin is ARALDITE 
(R.T.M.) Type CY 219, employed with a 85 
hardener ARALDITE Type HY 219, both 
as manufactured by Ciba Ltd. 

The invention also includes a closure shield 
plug for a nuclear reactor when filled by a 
radiation shielding composition as hereinbefore 90 
set forth. 

A constructional example embodying the 
[Price 2Sp] 
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invention will now be described with reference 
to the drawings accompanying the provisional 
specification wherein 

Figures 1A and IB are two vertically halved 
5 parts of a view in cross-section of a top 

closure shield plug of a fast nuclear reactor. 
Referring to the drawings, in the construc-

tion of a top closure shield plug, hereinafter 
called a 'top shield', for a fast nuclear reactor 

10 shown therein, the reactor is of the kind 
wherein it core and core coolant circuit, 
including heat exchangers, are submerged in 
a reservoir of coolant, being liquid metal, 
preferably sodium, contained in a large tank, 

15 the top shield, generally designated 10, form-
ing a considerable part of the tank roof and 
being rotatable therein. A preferred design 
of reactor installation provides that the top 
shield 10 is concentric with and rotatable 

20 about the vertical axis of the reactor core, 
and that a refuelling facility is radially mov-
able relative to the top shield so that any 
core position can be serviced. The top shield 
10 also has penetrations for control elements 

25 a r id for instrumentation. 
As seen in Figures 1A and IB, the top 

shield 10 is shaped so as to be almost as 
deep as its diameter. The said penetrations 
are formed by tubes extending between appro-

30 priate apertures in top and bottom plates 11 
and 12 of the shield. By way of illustration 
of some of these pentrations, Figure 1A shows 
a charge machine penetration defined by a 
tube 13 and Figures 1A and IB together 

35 show several control rod mechanism penetra-
tions defined by smaller diameter tubes such 
as 14. 

The circumferential surface of the shield is 
constituted for the most part by a cylindrical 

40 wall 15 formed with a step 16 overhung by 
segments 48 fixed in the roof aperture during 
installation of the shield 10. The segments 
48 conveniently make up a complete ring and 
constitute a restraint against ejection of the 

45 shield 10 under extreme or fault conditions. 
Internal reinforcement is provided by a 
structure of beams indicated at 17 which rest 
on a lower intermediate plate IS. When 
seen in plan view these beams form two 

50 equilateral triangles offset angularly by 60° 
to resemble a Star of David having tips at 
the cylindrical wall 15. In this way the beams 
can extend straight and unbrokenly between 
widely spaced points on the cylindrical wall 

55 without interfering with the particular pattern 
of penetrations needed in this case. 

Above the intermediate plate 18, the shield 
serves mainly as a shield against radiation 
and accordingly the interior space left vacant 

60 between tubes such as 13 and 14 is filled 
with a radiation shielding material 56. This 
material 56 is such as to allow introduction 
by pouring and will be referred to in more 
detail hereinafter. 

Beneath the intermediate plate 18, the shield 65 
10 has the short portion of its depth (down 
to the inner face represented by the bottom 
plate 12) constructed mainly as a thermal 
shield. This portion is sub-divided by a parti-
tion 19 into a fluid cooling layer 20 and an 70 
insulation laver 21. In the layer 20 there 
is a tray 22 of relatively thin sheet metal 
supported a short distance above the partition 
19 to form a narrow cooling fluid flow gap 
23. Upstanding sides, such as 24, on the tray 75 
22 serve to extend this narrow gap around 
the penetration tubes 13, 14 and also around 
the inner surface of the cylindrical wall 15. 
The space above the tray in the fluid cooling 
laver 20 is divided into inlet and outlet com- 80 
partments by a curtain 25 which in the longi-
tudinal direction extends between the inter-
mediate plate 18 and the tray 22 and in the 
circumferential direction extends continuously 
to form a ring spaced inwardly of the inner 85 
surface of the cylindrical wall 15. The inlet 
compartment is indicated 26 and the outlet 
compartment 27. Inlet and outlet ducts 28 
and 29 (Figure IB) are connected respectively 
to these compartments, these ducts extending 90 
upwards through the top plate 11 for con-
nection to a forced flow cooling circuit. A 
gas, such as nitrogen or argon, used for the 
cooling fluid is forced into the inlet com-
partment 26 and can only find its way to the 95 
outlet compartment by flow through the 
narrow gaps 23. Through these gaps the flow 
velocity is increased and heat transfer to the 
gas thereby enhanced. 

The insulation layer 21 is composed of a 100 
stack of parallel spaced plates 30, the spacing 
between confronting faces of these plates 
being about half an inch. Stainless steel plates 
having a thickness of 1/16 inch are suitable. 
The separation of the plates is chosen to give 105 
a compromise between a large gap for pre-
venting bridging of the plates by droplets of 
coolant condensate and a small gap for sup-
pressing conduction by convection currents. 
The top two plates in the stack are sealed HO 
together at their edges to form a gas filled 
skin adfaccnt the partition 19. The gaseous 
medium, suitablv argon, which is used for this 
filling is preferably at a pressure which, when 
the reactor is in operation, is similar to the H5 
pressure acting on the inner face of the top 
fhield from within the reactor vessel. This 
may require that the gaseous medium pressure 
in the gas-filled skin is initially reduced to 
below atmospheric. 120 

The combined cffect of the layers 20, 21 
is to ensure that normally the temperature 
of the intermediate plate 18 does not rise 
above 50°C. Since coolant flow through the 
reactor core is upwards, the inner face "of the 125 
top shield represented by the bottom plate 
12 may be exposed to temperatures up to 
or even higher than 550°C. On account of 
this, it will be noted that the apertures in the 
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bottom plate 12 for the tubes 13,14 are made 
oversize by an amount which will allow 
thermal expansion of the plate to be accom-
modated without distortion of the tubes; the 

5 edges of these apertures are slidable in cir-
cumferential grooves 31 formed in rings 32 
which are included in the tube structure. 

As illustrated in the drawings, there is 
attached to the inner face of the top shield 

10 10 an appendage for suppressing tendencies 
for the outlet coolant from the core to froth 
at the interface with blanket gas, such as argon, 
maintained over the coolant free surface. The 
appendage comprises a baffle plate 33 span-

15 ning the core and suspended by means of a 
cylindrical skirt 34 for enough into the reactor 
tank to be well beneath the coolant surface 
above the core outlet. Clearance 35 exists 
between the edges of holes in the baffle plate 

20 and the ends of extensions of the tubes 13, 
14. A radial slot (not shown) is necessary in 
the baffle plate 33 for refuelling operations. 
Through the slot and the clearances some of 
the outlet coolant can proceed to the upper 

25 side of the baffle plate 33; from here such 
coolant can pass through slots 36 in the skirt 
34 for onward flow with the remainder of the 
coolant, which is deflected across the under-
side of the baffle plate 33, to primary heat 
exchangers, also situated in the reactor tank. 
Extra support for the baffle plate 33 may be 
provided by Itangers (not shown) connecting 
various points in the span of the baffle plate 
33 to the inner face of the.top shield. 

35 The top shield is supported in an appro-
priate aperture in the tank roof on rolling 
elements 37 of a ring bearing 38 in turn 
supported on a flange 39 of the roof structure. 
An upper ring of the bearing has gear teeth 

40 (not shown) on its outer periphery for apply-
ing drive to rotate the top shield from a 
motor 40 (Figure 1A). 

Also forming part of the fixed roof structure 
is a cylindrical web 41 encircling the shield 

45 and carrying inward and outward annular 
troughs 42 and 43 arranged concentrically 
and side by side. In conjunction with liquid 
contained in these troughs two cylindrical 
blades 44 and 45 for a pair of dip seals 

50 arranged in series at the outer face of the 
shield, the blades being carried by a ring 
46 fastened to the shield top plate 11 so that 
the seals close off the clearance annulus 47 
between the shield wall 15 and the wall defin-

55 ing the roof aperture. The constitution and 
operation of this dip seal forms no part of 
the present invention, and is described in detail 
in the Complete Specification of our copend-
ing application No. 9006/67 (Serial No. 

60 1,214,136). 
The blanket gas maintained inside the 

reactor tank above the coolant free surface 
is at a pressure not differing greatly from 
atmospheric and therefore the sealing liquids 

65 are retained in the outer face dip seals whilst 

the reactor is operating. Provision is made, 
however, for establishing a mechanical seal 
on the atmosphere side of the outward dip 
seal in a manner which does not entail special 
positioning of the top shield. A ring 49 of 70 
resilient sealing material, such as an artificial 
rubber like neoprene, is fixed to the upper 
edges of the outward annular trough 43 to 
provide an overhanging lip, and a metal ring 
50 is adjustable by means of stud screws, such 75 
as 51, to enable a sealing surface on the ring 
50 to be moved into and out of sealing engage-
ment with the lip. When the shield is to be 
rotated, it will be necessary to slaken off the 
stud screws to free the rings 49, 50 from 80 
one another. 

Adjacent the inner face of the top shield 
there is a further dip seal closing off entry 
to the clearance annulus from the reactor tank 
interior. An annular trough 52 for this dip 85 
seal is carried by the tank roof but is incor-
porated in the continuation across the roof, 
as indicated at 53, of the insulation layer 21 
at the inner face of the top shield. The roof 
insulation 53 is constructed of spaced plates 90 
in the same way as the layer 21 and extra 
insulation 54 is added in the angle of a step 
formed around the inner face of the shield 
to accommodate the trough 52. Projecting 
downwardly from this step is a cylindrical 95 
blade 55 to form the dip seal in conjunction 
with liquid contained in the trough. The posi-
tion of the trough in relation to the insulation 
is arranged to give, a liquid temperature in the 
range 200—300°C when the reactor is operat- 100 
ing at full load. The insulation 54 uses 
randomly arranged metal rings, such as 
Raschig rings, rather than parallel plates. 

The sealing liquid of the inner face dip seal 
is sodium or an alloy thereof with potassium 105 
to lower the free2ing point. The constitution 
and operation of this dip seal is also fully 
described in our said copending application 
No. 9006/67 (Serial No. 1,214,136). 

The radiation shielding material 56 referred 110 
to earlier herein is constituted by a mixture 
of 60 v/o iron shot, 30 v/o iron dust, and 
10 v/o epoxv resin, constituted by the resin 
known as "ARALDITE (R.T.M.) Type 
CY219, together with an hardener 115 
ARALDITE Type HY 219, both as manu-
factured by Ciba Ltd. The measured coeffi-
cient of expansion of this mixture is 20Xl0"B, 
which is almost the same as that for stainless 
steel, the material employed for the wall 15 120 
and for the penetration tubes 13, 14. The 
thermal conductivity was found to be 0.25 
Centigrade Heat Units/ft2 hr °C/ft, which 
is similar to that of concrete, the shielding 
material formerly favoured until its propensity 125 
to dry out incompletely and then loose water 
during reactor operation was discovered. The 
density of the mixture was 6.28 or 390 lbs/ft3, 
which is 95% of theoretical. When set, the 
infill was firm, hard and homogeneous, and 130 
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consisted of the iron shot spheres touching 
one another with the interstices occupied by 
the binder/filler of iron dust and resin. Thus 
its thermal conductivity reached an acceptable 

5 value, which would not have been the case 
been any distinct volumes of resin/filler 
between iron spheres. It could be trowelled 
into position and had a slumping value, there-
fore vibration was used to assist in filling, 

10 employing a face type vibrator. The infill 
could be laid at an economic rate, four 
hundred weights per hour, being typical. 
Furthermore, the top shield 10 could be 
filled and all free space occupied with the 

15 shield in the position it will occupy in service. 
A shield weighing 100 tons empty and needing 
80 tons of infill if attempted to be inverted 
or laid on its side for filling would produce 
serious out-of-halance forces on it once half 

20 the filling had been inserted. 

WHAT WE CLAIM IS: — 
1. A radiation shielding composition for 

infill for a nuclear reactor closure shield plug, 

comprising a mixture of 59—61 volume % 
iron shot with a binder comprising 29—31 25 
volume ",', iron dust and 9.5—10.5 volume 
% of an cpoxy resin. 

2. A radiation shielding composition accord-
ing to claim 1, comprising a mixture of 60 
volume % iron shot with a binder comprising 30 
30 volume % iron dust and 10 volume % 
epoxy resin. 

3. In or for a nuclear reactor, a closure 
shield plug when filled by a radiation shielding 
composition as claimed in either of the pre- 35 
ceding claims. 

4. In or for a nuclear reactor, a closure 
shield plug substantially as hereinbefore des-
cribed with reference to the drawings accom-
panying the Provisional Specification and when 40 
filled by a radiation shielding composition as 
claimed in either of claims 1 and 2. 

D. S. BOSSHARDT 
Chartered Patent Agents 

Agents for the Applicants 
Printed for Her Majesty's Stationery Office, by the Courier Press, Leamington Spa, 1972. 
Published by The Pa ten t Office, 25 Southampton Buildings, London, WC2A 1AY, from 

which copies may be obtained. 
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