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(54) IMPROVEMENTS IN AND RELATING T O METHODS A N D APPARATUS 
FOR REFUELLING NUCLEAR REACTORS 

(71) W e , EVGENY PETROVICH SHUM-
YAKIN, ulitsa Petra Smorodina, 8, kv.58; 
KONSTANTIN IOSIFOVICH SABIR-DE-RIBAS, 
Piskarevsky prospekt, 39, kv.256; ISAAK 

5 ABRAMOVICH DRUZHINSKY, Moskovsky pros-
pekt, 184, kv.12; PETR VLADIMIROVICH 
KONDRATIEV, ulitsa Zhukovskogo 6, kv.64; 
BORIS IVANOVICH ANDREICHIKOV, C h k a l o v -
sky prospekt, 36, kv.27; LEV MIKHAILOVICH 

10 SLEPOV, ulita Krasnoputilovskaya, 55, kv.33; 
all of Leningrad, U.S.S.R., EVGENY VASILIE-
VICH BORISJUK, ulitsa Teatralnaya, 7, kv.33; 
a n d ANATOLY MIKHAILOVICH SMIRNOV, p r o s -
pekt Dimitrova, 7, kv.18, both of Dimitrov-

15 grad Ulyanovskoi oblasti, U.S.S.R., and all 
citizens of the Union of Soviett Socialist 
Republics, do hereby declare the invention, 
for which we pray that a patent may be 
granted to us, and the method by which it is 

20 to be performed, to be particularly described 
in and by the following statement: — 

The present invention relates to methods 
for refuelling fast-neutron reactors cooled 
with liquid-metal coolant (for example, 

25 sodium) and to machines for effecting such 
methods. 

Fuel recharging in fast-neutron reactors in-
volves a number of specific problems con-
nected with the design and operating charac-

30 teristics of such reactors, as well as with 
economic requirements imposed on power 
production today. The chief factors which 
determine the fuel recharging techniques are 
as follows: 

35 1. A reactor's core consists of fuel 
assemblies without any insulating elements 
between them. This means that the fuel 
assemblies are in direct contact with each 
other and accounts for stringent require-

40 ments imposed upon the accuracy of travel 
and other functions to be performed by the 
mechanisms of the fuel recharging system. 

2. Reactors in question operate at a high 
specific power which corresponds to the high 

45 thermal capacity of fission products, and this 
calls for stringent requirements as regards 
the cooling of fuel assemblies throughout the 
fuel recharging process. 

3. For effective power production, a re-

actor must operate at a high temperature, 50 
which means that the components of the 
fuel recharging system are also to operate 
at a high temperature in the sodium coolant. 
The latter, needless to say, is an aggressive 
medium for mechanical devices. Further- 55 
more, the sodium must be kept insulated 
from the atmosphere, because it may be-
come explosive when in contact with oxygen 
contained in the air. During operation of 
the reactor, sodium becomes strongly radio- 60 
active (it radiates hard gamma-quanta) and 
continues to be radioactive long after the 
reactor is closed down. 

4. The fuel of fast reactors is consider-
ably enriched, as compared to water- 65 
moderated water-cooled reactors, which ac-
counts for a great fuel loading at the end 
of the reactor's operating cycle. Hence, it 
is economically expedient that the fuel re-
charging operations should be carried out as 70 
fast as possible to minimize external opera-
tions in the course of refuelling the reactor. 

The operating parameters of reactors 
largely determine the requirements imposed 
upon the fuel recharging systems. During 75 
full-power operation, the factor of specific 
power is of utmost importance. This factor 
necessitates cooling of spent fuel assemblies 
being replaced because of the heat pro-
duced as a result of the decay of fission 80 
products during fuel recharging operations. 

Depending upon the techniques of remov-
ing the heat produced as a result of the decay 
of fission products, the existing methods of 
refuelling fast-neutron reactors with liquid 85 
metal coolant may be divided into two 
categories. 

The first is the type of refuelling which 
comprises stage-by-stage removal of a fuel 
assembly from the reactor's core. 90 

Upon its removal from the reactor, when 
there is still a considerable heat liberation, 
the fuel assembly is kept for some time in 
an intermediate store. 

The intermediate store and the reactor 95 
are arranged in a common metal tank and 
submerged in the coolant. The fuel assem-
bly remains in the intermediate store until 
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the generation of heat due to radioactive 
decay is reduced to a level which permits 
the transfer of the fuel assembly to an out-
side store. As a rule, fuel assemblies are 

5 kept in the intermediate store throughout the 
period between two refuelling stops of the 
reactor. 

In the course of the next refuelling pro-
cedure, the fuel assemblies held in the im-

10 mediate store are transferred to the outside 
store and their places in the intermediate 
store are filled by fuel assemblies freshly re-
moved from the reactor. The spent fuel 
assemblies are kept in the outside store for 

15 a long time so that they can be prepared for 
transportation to a location where they are 
to be regenerated. 

As spent fuel assemblies are being trans-
ferred from one store to the other, they are 

20 still quite hot and have to be cooled. The 
cooling medium for this purpose may be the 
reactor's coolant, in which case each fuel 
assembly is transported in a separate con-
tainer; another cooling technique is to purge 

25 a fuel assembly with an inert gas in the 
course of tranportation. 

The second category is where spent fuel 
assemblies are removed from the reactor 
and transferred directly to a store located 

30 outside the reactor. A fuel assembly freshly 
removed from the reactor is quite hot, so in 
order to keep it in good condition, it has 
to be effectively cooled as it is being trans-
ferred from the reactor to the storage. 

35 For both the above categories of refuelling 
methods, a spent assembly being transferred 
from the reactor housing to an outside core 
must be effectively cooled. 

According to one aspect of the invention, 
40 there is provided a method of refuelling a 

fast-neutron reactor cooled with a liquid-
metal coolant, comprising lifting a spent fuel 
assembly from the reactor with the aid of a 
fuel recharging machine and placing the fuel 

45 assembly in a sealed housing of the machine, 
and cooling the assembly as it is lifted from 
the reactor with two flows of an inert gas, 
one said flow being directed at the outer 
surface of the fuel assembly, and the other 

50 said flow being blown downwards through 
the fuel assembly. 

According to another aspect of the inven-
tion, there is provided a fuel recharging 
machine for refuelling a fast-neutron re-

55 actor, the machine comprising a transporter 
carrying a sealed housing having an inlet 
and an outlet communicating with an inert 
cooling gas supply system of the machine, a 
sealing element movably located across an 

60 opening in the sealed housing, the trans-
porter serving to position the housing such 
that said opening is aligned with a reactor 
housing port to enable a fuel assembly to be 
transferred therethrough between the reactor 

65 and the housing, and a manipulator arranged 

in the sealed housing and including a trolley 
movable along a guide within the sealed 
housing to axially move a bar carried by the 
trolley into and out of the reactor through 
the said housing opening, the bar comprising 70 
two coaxially arranged pipes hermetically 
joined at their ends remote from the reactor 
by a flexible member, the inner of the two 
said pipes being connected at its end remote 
from the reactor by a pipeline to the inert 75 
cooling gas supply system and carrying at its 
other end a grip for holding a fuel assembly 
to be handled, and the outer of the two said 
pipes having at its end opposite said end 
remote from the reactor, an adaptor arranged 80 
to sealingly connect with the housing of a 
fuel assembly being handled whereby cool-
ing gas can be fed via the pipeline and the 
inner pipe through a fuel assembly held by 
the said grip in order to cool the assembly 85 
as it is removed from the reactor jointly 
with the bar by movement of the trolley, the 
assembly being further cooled as it is re-
ceived in the housing by cooling gas passed 
therethrough between the said inlet and out- 90 
let, the sealing connection between the outer 
pipe adaptor and the fuel assembly being 
handled being effected by operation of a drive 
arranged to move the outer pipe relative , 
to the inner pipe to bring the adaptor into 95 
engagement with the housing of the fuel 
assembly. 

A method according to the invention of 
refuelling a fast-neutron reactor, and a fuel 
recharging machine embodying the inven- 100 
tion, will now be particularly described, 
by way of example, with reference to the 
accompanying diagrammatic drawings, 
wherein: 

Fig. 1 is a part cut-away front view of the 105 
fuel recharging machine mounted on a rotat-
able plug of the reactor; 

Fig. 2 is a diagram of the fuel recharging 
machine showing in elevation a sealed hous-
ing of the machine; 110 

Fig. 3 is a section taken on line III—III 
of Fig. 1 (with omission of a sealing ele-
ment); 

Fig. 4 is an enlarged elevation of a detail 
of Fig. 3 showing a fuel assembly gripped 115 
by the recharging machine; 

Fig. 5 is an enlarged elevation of the drive 
of the fuel recharging machine of Fig. 3; 

Fig. 6 is a cut-away view on line VI—VI 
of Fig. 2; 120 

Fig. 7 is a part-sectional elevation of part 
of the fuel recharging machine at the 
moment of gripping the head of a fuel 
assembly to be removed; 

Fig. 8 is a part-sectional view of the re- 125 
charging machine and the reactor at a 
moment the tail of the fuel assembly being re-
moved emerges from the reactor coolant; and 

Fig. 9 is a part-sectional view of the re-
charging machine in a transfer position in 130 
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which the fuel assembly being removed has 
been withdrawn into the machine. 

As shown in Figure 1, the fuel recharging 
machine 1 (Fig. 1) for refuelling a fast-

5 neutron reactor 2, comprises a transporter 
3 which includes a movable bridge 4 in a 
charging area 5 of the reactor 2, and a trolley 
6 mounted on the bridge 4 and movable in 
the direction transverse to that of the move-

10 ment of the bridge 4. The transporter 3 
carries a sealed housing 7 attached to a re-
movable housing 8 which, in turn, is attached 
to an additional housing 9. 

The sealed housing 7 (Fig. 2) has an inlet 
15 pipe 10 and an outlet pipe 11. The addi-

tional housing 9 has an inlet pipe 12. The 
pipes 10, 11 and 12 are connected to a 
system 13 for circulating an inert cooling 
gas which in the present case is argon. The 

20 latter system includes two blowers 14 inter-
connected by a pipeline (Fig. 2 shows only 
one blower 14; the second blower is intended 
for emergency operation and is placed in 
parallel with the first). The blowers 14 are 

25 arranged to supply the cooling inert gas 
under pressure. The system 13 further in-
cludes heat exchangers 15 and 16 for cool-
ing the inert gas. Downstream of the heat 
exchanger 16, a pipeline 17 of the system 13 

30 branches into pipelines 18 and 19. The 
pipeline 18 communicates with the inlet pipe 
12 and the pipeline 19 communicates via a 
valve 20 with the inlet pipe 10. The valve 
20 is arranged to control the flow rate of 

35 the inert cooling gas to the inlet pipe 10. 
The output pipe 11 is connected to an 
aerosol filter 21 which is arranged to purify 
the inert cooling gas from possible impuri-
ties. 

40 The sealed housing 7 (Fig. 1) has a sealing 
element arranged across an opening in the 
bottom wall of the housing 7, this opening 
enabling a spent fuel assembly to be trans-
ferred into the housing 7 from the reactor 

45 core. The sealing element is formed by a 
shutter 22 on the external surface of which 
are provided sealing rings 23 to seal with 
the housing 7. 

The shutter 22 is driven by a slider 24 
50 which, in turn, is driven by a screw drive 

25 (the motor of which is not shown). At 
the lower end of the housing 7 there is ar-
ranged a biological shielding screen 26 mov-
able relative to the housing 7 by four screw 

55 drives 27 (the motors of which are not 
shown). The screen 26 is connected to the 
housing 7 by means of a flexible member 28. 

A manipulator 29 is arranged inside the 
sealed housing 7 and includes a trolley 30 

60 (Fig. 3) running on two guides 31 and 32 
mounted in the sealed housing 7 by bearing 
units 33 attached to the main body of the 
housing 7, and bearing units 34 attached to 
a lid 35 of the housing 7. The lid 35 is 

65 sealed with the main body of the housing 7 

by means of a sealing ring 36. The trolley 
30 is driven along the guides 31 and 32 by 
a drive 37 (Fig. 2) comprising a chain 38. 
One end of the chain 38 is attached to the 
trolley 30 by means of a ring 39, whereas its 70 
opposite end carries a balance weight 40 
arranged in the additional housing 9. The 
chain 38 extends over a drive sprocket 41 
(whose driving motor is not shown in the 
drawings), and is partially located in each 75 
of the sealed housing 7, the removable hous-
ing 8 and the additional housing 9. 

The trolley 30 (Fig. 3) is drivingly coupled 
to a bar 42. The bar 42 is composed of two 
coaxially arranged pipes, that is, an outer 80 
pipe 43 and an inner pipe 44 which are 
hermetically interconnected by means of a 
flexible member 45 located adjacent the end 
faces of the pipes 43 and 44 remote from 
the reactor 2 (Fig. 1). 85 

At its end nearest the nuclear reactor 2 
(Fig. 1), the inner pipe 44 (Fig. 3) carries a 
lever-type grip 46 (Fig. 3) for handling a 
fuel assembly 47 shaped as a hexahedral 
prism. The end of the inner pipe 44 remote 90 
from the reactor 2, is connected by means 
of a flexible hose 48 supported by the chain 
38 (Fig. 2), to the inlet pipe 12 and there-
by to the pipeline 18 of the system 13 for 
supplying inert cooling gas; this arrange- 95 
ment enables inert cooling gas to be blown 
through the fuel assembly 47 being handled. 

At its end nearest the reactor 2, the outer 
pipe 43 (Fig. 3) has an adaptor 49 for seal-
ingly connecting with a housing 50 of the fuel 100 
assmbly 47 being handled. 

The portion of the adaptor 49 (Fig. 4) 
located in immediate proximity to the end 
face of the outer pipe 43, is constructed as 
a bushing 51 whose inner diameter is equal 105 
to the outer diameter of jaws 52 of the grip 
46 when these jaws are in their closed posi-
tion. Both ends of the internal bore of the 
bushing 51 are provided with chamfers 53 
and 54 respectively. The chamber 53 faces 110 
the reactor 2 (Fig. 1) and serves to engage 
the jaws 52 (Fig. 4) with a head 55 of the 
fuel assembly 47 by interaction with bevels 
56 provided on the jaws 52. The chamfer 
54 faces away from the reactor 2 and serves 115 
to disengage the jaws 52 from the fuel 
assembly head 55 by interaction with bevels 
57 provided on the tails of the grip 46. The 
jaws 52 are pivotally interconnected by 
means of a pivot 59. Through holes 60 are 120 
provided in the bushing 51 for the passage of 
the inert cooling gas from the inner pipe 44 
into the fuel assembly 47 via holes 61 pro-
vided in the head 55 of the fuel assembly 
47. The inert cooling gas passes through 125 
the fuel assembly and leaves it through holes 
62 (Fig. 2) provided in its tail 63. 

The outer pipe 43 (Fig. 3) of the bar 42 
is coupled to a drive 64 by means of which 
the outer pipe 43 is movable relative to the 130 
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inner pipe 44 in order to engage the adaptor 
49 of the outer pipe 43 with the housing 50 
the fuel assembly 47 to be handled. The 
kinematic coupling between the outer pipe 43 

5 and the drive 64 is effected with the aid of a 
screw pair 65, one of whose elements (a 
thread) is provided on the external surface 
of the outer pipe 43, whereas the other ele-
ment (another thread) is provided on the 

10 internal surface of a bushing 66 carried by 
the trolley 30 and enveloping the outer pipe 
43. 

The bushing 66 is coupled to the drive 64 
by means of a two-stage gear drive. The 

15 first stage of this gear drive is a pair of 
spur gear wheels 67 and 68. The wheel 67 
is mounted on the external surface of the 
bushing 66; the wheel 68 is mounted on the 
external surface of a bushing 69 carried by 

20 the trolley 30. The second stage of the 
gear drive is a pair of bevel gears 70 and 71. 
The gears 68 and 70 are mounted on a 
common intermediate shaft of the two-stage 
gear drive, this shaft being constituted by 

25 the guide 31 of the trolley 30. The gear 
71 is mounted on the output shaft of a motor 
72. 

Inside the bushing 69 (Fig. 5) there is pro-
vided a ball key 37 whose balls 74 are re-

30 ceived in longitudinally extending grooves 75 
provided in the guide 31. 

The outer pipe 43 (Fig. 3) and the inner 
pipe 44 of the bar 42 are connected by a 
sliding key joint which comprises a key 76 

35 fast with the outer pipe 43, and a slot 77 
provided in the inner pipe 44. 

The inner pipe 44 has a rotary drive 78 
and is coupled thereto by means of a two-
stage gear drive. The first stage of this gear 

40 drive comprises a pair of spur gear wheels 
79 and 80. The wheel 79 is connected by 
a key 81 to the inner pipe 44. The wheel 
80 is mounted on the external surface of a 
bushing 82 carried by the trolley 30. The 

45 bushing 82 is keyed to the second guide 32 
in a manner similar to that in which the 
bushing 69 is keyed to the guide 31. The 
second stage of the two-stage gear drive com-
prises a pair of bevel gears 83 and 84 

50 mounted on a common intermediate shaft of 
the two-stage gear drive, this shaft being 
constituted by the second guide 32 of the 
trolley 30. The gear 84 is mounted on the 
output shaft of a motor 85. 

55 The gear ratios of the two two-stage gear 
drives are equal, which makes it possible, 
with both drives 64 and 78 in operation, to 
rotate both pipes 43 and 44 of the bar 42 
in the same direction and at equal angular 

60 speeds for angular orientation of the fuel 
assembly 47 being handled without axial 
movement thereof. 

The fuel recharging machine 1 (Fig. 2) 
has two stops 86 diametrically arranged with 

65 respect to the outer pipe 43 in the sealed 

housing 7. The stops 86 can be moved to-
ward the outer pipe 43 to engage it from 
opposite sides. The stops 86 (Fig. 6) are 
driven by a drive 87. The stops 86 are con-
structed as a clamping head 88 rigidly se- 70 
cured in one end of a socket element 89. At 
the other end of the socket element 89 is 
secured a nut 90 engaged with a screw 91 
of the drive 87. The socket element 89 is 
arranged in a sleeve 92 which is sealingly 75 
connected to the sealed housing 7 with the 
aid of a seal 93. Three pairs of rollers 94 
are angularly spaced at an angle of 120° 
around the interior of the sleeve 9. The 
rollers 94 are housed in casings 95 secured 80 
in the sleeve 92 (the drawing shows one pair 
of rollers and one casing). The rollers 94 
contact the outer surface of the socket ele-
ment 89. The element 89 is keyed with the 
sleeve 92 by the engagement of a threaded 85 
slug 97 mounted in the sleeve 92 with an 
external groove 96 of the element 89. The 
stops 86 (Fig. 2) are located in immediate 
proximity to the adaptor 49 of the outer pipe 
43 when the recharging machine 1 is in a 90 
transfer position. 

The number of the stops 86 may be in-
creased, but they should be equi-angularly 
spaced around the sealed housing. 

To remove a spent fuel assembly 47, the 95 
transporter 3 (Fig. 1) of the fuel recharging 
machine 1 is positioned in the charging area 
5 of the nuclear reactor 2, above the reactor 
core. Surrounding the fuel assembly 47 to 
be handled are six adjacent fuel assemblies 100 
98. The fuel assemblies 47 and 98 are sub-
merged in a liquid metal coolant 99, i.e. 
liquid sodium, whose level is indicated by 
the reference numeral 100. 

To provide access to the reactor 2 through 105 
the biological shielding surrounding the re-
actor, a standpipe 101 is eccentrically 
mounted in an inner rotatable plug 102 
which, in turn, is eccentrically mounted in 
an outer rotatable plug 103. The arrange- 110 
ment of the plugs 102 and 103 enables the 
standpipe 101 to be positioned above any 
desired one of the fuel assemblies in the 
reactor core by rotation of the plugs 102 
and 103. Arranged coaxially with the stand- 115 
pipe 101, but a little below, is a holding 
tube 104 the purpose of which is to hold 
down in position the group of the six fuel 
assemblies surrounding the fuel assembly 47 
during removal of the latter. A portion of 120 
the outer surface of the tube 104 is formed 
as a rack 105. The rack 104 engages a gear 
wheel 106 formed internally around a worm 
wheel 107 mounted in bearings 109 in a 
housing 108 carried by the plug 102. 125 

The worm wheel 107 is engaged with a 
worm 110 and the holding tube 104 is keyed 
to the housing 108 by means of a key 111 
fast with the .upper portion of the holding 
tube 104 and a slot 112 provided on the 130 
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internal surface of the housing 108. Rotation 
of the worm 110 by a drive (not shown) will 
therefore result in the holding tube 104 being 
moved up or down. 

5 In the standpipe 101, there is provided a 
shutter 113 to seal off the standpipe 101. 
The external surface of the shutter 113 is 
provided with sealing rings 114. The shutter 
113 is moved by a slider 115 driven by a 

10 screw drive 116 (the motor of which is not 
shown). 

The flexible member 28 and sealing rings 
117 arranged between the standpipe 101 and 
the biological shielding screen 26 provide a 

15 sealed passage from the reactor 2 to the 
housing 7 of the fuel recharging machine 1. 

Operation of the fuel recharging machine 
for refuelling a fast-neutron reactor will now 
be described. 

20 The sequence of the refuelling operations 
is as follows. After the reactor 2 (Fig. 1) 
is shut down and prepared for refuelling 
in accordance with a fuel assembly replace-
ment-schedule, the standpipe 101 of the re-

25 actor 2 is positioned over a fuel assembly 
47 to be replaced. This is done by turning 
the inner rotating plug 102 and the outer 
rotating plug 103 through appropriate angles. 
The holding tube 104 is then moved into a 

30 position (Fig. 7) in which it prevents the 
group of the fuel assemblies 98 surrounding 
the fuel assembly 47 from being moved as 
the assembly 47 is removed from the reactor 
2. H ie tube 104 is moved into this position 

35 by rotation of the worm 110 being con-
verted via the worm wheel 107, the gear 
wheel 106, and the rack 105 into linear 
movement of the keyed holding tube 104. 

Next, the fuel recharging machine 1 is 
40 aligned with the standpipe 101 of the reactor 

2. For this purpose, the sealed housing 7 
is moved, by simultaneously or sequentially 
moving the bridge 4 and the trolley 6, until 
the longitudinal axis of the bar 42 is aligned 

45 with that of the standpipe 101, this align-
ment being effected using well-known tech-
niques. 

The shielding screen 26 is then lowered by 
the drive 27 onto the standpipe 101 of the 

50 reactor 2 causing the bexible member 28 
arranged between the sealed housing 7 and 
the screen 26 to extend. The weight of the 
screen 26 compresses the sealing rings 117, 
whereby there is provided a sealed passage 

55 from the reactor 2 to the housing 7 through 
the standpipe 101 and the holding tube 104. 

After the recharging machine 1 has been 
joined with the reactor 2 in the above 
manner, air is evacuated from the space be-

60 tween the shutters 22 and 113, and this space 
is filled with argon from the reactor hall 
loop in a conventional manner. 

The shutters 22 and 113 (Fig. 8) are then 
opened by the sliders 24 and 115 being 

65 moved to the right in the plane of the draw-

ing by their respective drives 25 and 116 
(Fig. 1). 

The manipulator 29 (Fig. 3) is lowered 
using the chain 38 until the bar 42 extends 
into the reactor 2 with the opened jaws 52 70 
of the grip 46 (Fig. 4) positioned about the 
head 55 of the fuel assembly 47 to be 
handled. During this stage of the refuelling 
operation, the outer pipe 43 of the bar 42 
and its adaptor 49 are in their extreme upper 75 
position. The trolley 30 (Fig. 3) runs on 
the two guides 31 and 32 which are en-
veloped by the ball keys 73; as a result, 
the trolley 30 runs smoothly and without 
angular displacement. The bar 42 (Fig. 8) 80 
is lowered into the reactor along the longi-
tudinal axis of the pipe 101, this axis being 
aligned with the longitudinal axis of the fuel 
assembly 47 to be removed. 

After lowering of the manipulator 29 as 85 
a whole is complete, the motor 72 (Fig. 3) 
is switched on with the motor 85 still 
switched off to lower the outer pipe 43 of 
the bar 42 with respect to the inner pipe 44. 
As the pipe 43 moves down the lower end 90 
chamber 53 of the bushing 51 interacts with 
the bevels 56 provided on the jaws 52 of 
the grip 46 to engage the jaws 52 with the 
head 55 of the fuel assembly 47 to be re-
moved. As the outer pipe 43 continues to 95 
move relative to the inner pipe 44, the 
adaptor 49 of the outer pipe 43 abuts against 
the housing 50 of the fuel assembly 47 to 
form a sealed passage for inert cooling gas 
from supply system 13 to the interior of the 100 
fuel assembly 47 via the holes 61. 

Since the head 55 of the fuel assembly 
47 is engaged at two axially spaced positions 
by the bar 42 (that is, by the jaws 52 and 
by the adaptor 49) the fuel assembly 47 105 
(Fig. 8) is rigidly attached to the bar 42 
to form a single rod-like element therewith 
and there is no possibility of the fuel assem-
bly 47 swinging relative to the bar 42. 

The drive sprocket 41 (Fig. 2) is then 110 
rotated to raise the bar 42 of the manipulator 
29 into the sealed housing 7 of the fuel re-
charging machine 1. As soon as the tail 63 
(Fig. 8) of the fuel assembly 47 being handled 
is raised above the liquid sodium level 100, 115 
a control switch (not shown) automatically 
switches on the inert cooling gas supply sys-
tem 13 (Fig. 2). 

As the fuel assembly 47 is being lifted 
down from the core of the reactor 2 into 120 
the sealed housing 7, it is cooled by two 
flows of inert cooling gas, (in the present 
case, argon) one ofw the flows being sup-
plied around the outer surface of the fuel 
assembly 47, whereas the other inert cooling 125 
gas flow is passed downwards through the 
interior of the fuel assembly 47 being lifted. 

In the system 13 the argon cooling gas is 
supplied under pressure of 1.2 to 2.3 kgf/ 
cm2 from the blower 14 to the heat ex- 130 
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changer 16 where it is cooled to a tempera-
ture of 20 to 50°C. The argon gas is then 
fed through the pipeline 17 to the pipelines 
18 and 19. From the pipeline 18, argon gas 

5 passes through the inlet pipe 12 and the 
flexible hose 48 (Fig. 3) into the inner pipe 
44 of the bar 42. From the interior of the 
pipe 44, the argon gas passes through holes 
60 in the bushing 51 (Fig. 4) of the adaptor 

10 49 and into the fuel assembly 47 being 
handled via the holes 61 in the fuel assem-
bly housing 50. 

Argon exiting from the interior of the 
fuel assembly 47 throuhg the holes 62 (Fig. 

15 2) in the tail 63 o f the fuel assembly 47, 
passes into the holding tube 104 (Fig. 8). 
The flow of the inert cooling gas blown 
through the fuel assembly 47 being handled 
removes all the liquid sodium caught in the 

20 bar 42 as it is removed from the coolant 99 
of the reactor 2. This flow also removes 
all the liquid sodium from the housing 50 of 
the fuel assembly 47. Since this cooling gas 
flow is directed downwards, whereas the fuel 

25 assembly 47 is moving upwards, the liquid 
sodium blown from the bar 42 falls back 
into the reactor 2. The holding tube 104 is 
made of a considerable length to ensure that 
during the travel of the fuel assembly 47 

30 in the holding tube 104 all the liquid sodium 
is blown out to fall back into the reactor 2. 
As a result of using the foregoing arrange-
ment no sodium gets into the sealed housing 
7 of the fuel recharging machine 1; there 

35 is no splashing of liquid sodium inside the 
sealed housing 7, nor is there any deposition 
of oxide films on the surfaces of the mech-
anisms located in the sealed housing 7. In 
addition, the fuel assembly 47 being handled 

40 does not have to be kept in the holding tube 
for any additional period of time and un-
necessary prolongation of the fuel recharg-
ing cycle is thereby avoided. 

As the first flow of inert cooling gas is 
45 being blown through the fuel assembly 47 

(Fig. 2), the second flow of argon is directed 
at the outer surface of said fuel assembly 47. 
This second flow of argon, having a tem-
perature of 20 to 50°C, is fed from the pipe 

50 line 19 through the inlet pipe 10 into the 
sealed housing 7, from where it passes into 
the holding tube 104 (Fig. 8), producing a gas 
curtain in the lower portion of the sealed 
housing 7, preventing penetration into the 

55 housing 7 of liquid sodium blown from the 
fuel assembly 47 by argon from the first 
cooling gas flow (the argon by this stage 
having become heated to a temperature of 
300 to 400°Q. As the fuel assembly 47 

60 moves up into the sealed housing 7, the flow 
of argon passing through the fuel assembly 
47 starts to be mixed with the second flow 
or argon directed at the outer surface of the 
fuel assembly 47; as a result, the tempera-

65 ture of the first flow of argon is reduced to 

90 to 120°C. This prolongs the life of the 
aerosol filter 21 and improves the operating 
conditions of the mechanisms incorporated 
in the fuel recharging machine 1. The argon, 
whose temperature has been reduced to 90 70 
to 120°C, proceeds through the outlet pipe 
11 and the aerosol filter 21 into the heat 
exchanger 15 where its temperature is re-
duced to 20 to 50°C, before it passes to the 
blower 14. 75 

Due to the presence of the gas curtain in 
the lower portion of the sealed housing 7, 
only a negligible amount of sodium gets 
into the inert cooling gas supply system 13; 
as a result, the loop remains clean, and 8 0 

the servicing of the fuel recharging machine 
1 is in on way effected. 

The inert cooling gas is supplied through 
the manipulator 29 and directly into the 
housing 7, so the insert cooling gas supply ^5 
system 13 is quite simple and comprises the 
equipment mounted on the trolley 6 (Fig. 1), 
the two inlet pipes 10 and 12 (Fig. 2), and 
the outlet pipe 11; the inlet pipe 12 is con-
nected to the flexible hose 48 which, in 9 0 

turn, communicates with the inside of the 
inner pipe 44 of the bar 42. 

During handling of the fuel assembly 47 
by the manipulator 29, the bar 42 is 
hermetically connected to the housing 50 of 9 5 

the fuel assembly 47 so the entire flow of 
argon passing through the bar 42 also passes 
through this fuel assembly 47; it is unneces-
sary, therefore, to increase the flow rate or 
pressure of the gas directed through the fuel 
assembly 47, i.e. the inert cooling gas sup-
ply system 13 can do with blowers of a 
limited capacity. 

Rfter the fuel assembly 47 (Fig. 9) has 
been drawn into the sealed housing 7, the ^ 
two stops 86 are moved by the drives 87 
(Fig. 6) to grip the outer pipe 43 (Fig. 9) 
of the bar 42 adjacent the adaptor 49 and 
render the bar 42 rigid with the sealed hous-
ing 7. This serves to reduce vibration of " " 
the manipulator 29 produced by the con-
tinuing blowing through of the fuel assem-
bly 47 by the inert gas flow. Furthermore, 
the use of the stops 86 makes it possible to 
increase the speed of travel of the fuel re- H^ 
charging machine 1 in the charging area 5 of 
the reactor 2 since no matter how jerky the 
acceleration or braking of the machine 1 is, 
there is no danger of the fuel assembly 47 
bumping against the internal surface of the 120 
sealed housing 7. 

After the fuel assembly 47 has been with-
drawn into the sealed housing 7 and the 
outer pipe 43 of the bar 42 has been gripped 
by the stops 86, the shutters 22 and 113 are 125 
closed, and the argon is sucked from the 
space between these shutters 22 and 113; 
this space is then filled with air. Next, the 
shielding screen 26 is raised and the fuel 
recharging machine 1 is moved to a fuel 130 
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assembly cooling area. During the travel of 
the machine 1, the fuel assembly 47 con-
tinues to be cooled by the two flows of the 
inert gas. This cooling continues until the 

5 fuel assembly 47 is placed on a trolley (not 
shown) in the cooling area. 

After the recharging machine 1 is joined 
with the above-mentioned trolley (the join-
ing is done in a manner similar to the joining 

10 of the machine 1 with the standpipe of the 
reactor 2), the stops 86 are withdrawn, and 
the fuel assembly 47 is placed on the trolley. 
For this purpose the manipulator 29 is 
moved down in the manner previously des-

15 cribed above, and the jaws 52 (Fig. 4) of 
the grip 46 are disengaged from the head 55 
of the fuel assembly 47 by moving the outer 
pipe 43 of the bar 42 upwards relative to 
the inner pipe 44 using the motor 72 (the 

20 motor 85 being braked). Upward movement 
of the outer pipe 43 causes the chamber 54 
of the bushing 51 to interact with the bevels 
57 provided on the tails 58 of the grip 46 
to opens the jaws 52. 

25 By switching on the drive of the sprocket 
41 (Fig. 2), the manipulator 29 is drawn 
into the sealed housing 7. 

A fresh fuel assembly is placed in the 
sealed housing 7 in a manner similar to the 

30 transfer of the spent fuel assembly 47 from 
the reactor 2 into the sealed housing 7, but 
without using the inert cooling gas supply 
system 13. 

35 WHAT WE CLAIM IS: — 
1. A method of refuelling a fast-neutron 

reactor cooled with a liquid-metal coolant, 
comprising lifting a spent fuel assembly from 
the reactor with the aid of a fuel recharging 

40 machine and placing the fuel assembly in a 
sealed housing of the machine, and cooling 
the assembly as it is lifted from the reactor 
with two flows of an inert gas, one said flow 
being directed at the outer surface of the 

45 fuel assembly, and the other said flow being 
blown downwards through the fuel assembly. 

2. A method of refuelling a fast-neutron 
reactor as claimed in claim 1, in which the 
two flows of inert gas are supplied as soon 

50 as the tail of the fuel assembly being 
handled emerges from the liquid metal cool-
ant of the reactor. 

3. A fuel recharging machine for refuel-
ling a fast-neutron reactor, the machine 

55 comprising a transporter carrying a sealed 
housing having an inlet and an outlet com-
municating with an inert cooling gas supply 
system of the machine, a sealing element 
movably located across an opening in the 

60 sealed housing, the transporter serving to 
position the housing such that said opening 
is aligned with a reactor housing port to 
enable a fuel assembly to be transferred 
therethrough between the reactor and the 

65 housing, and a manipulator arranged in the 

sealed housing and including a trolley 
movable along a guide within the 
sealed housing to axially move a bar 
carried by the trolley into and out of the 
reactor through the said housing opening, 70 
the bar comprising two coaxially arranged 
pipes hermetically joined at their ends 
remote from the reactor by a flexible mem-
ber, the inner of the two said pipes being 
connected at its end remote from the reactor 75 
by a pipeline to the inert cooling gas supply 
system and carrying at its other end a grip 
for holding a fuel assembly to be handled, 
and the outer of the two said pipes having 
at its end opposite said end remote from 80 
the reactor, an adaptor arranged to sealingly 
connect with the housing of a fuel assembly 
being handled whereby cooling gas can be 
fed via the pipeline and the inner pipe 
through a fuel assembly held by the said grip 85 
in order to cool the assembly as it is re-
moved from the reactor jointly with the bar 
by movement of the trolley, the assembly 
being further cooled as it is received in the 
housing by cooling gas passed therethrough 90 
between the said inlet and outlet, the sealing 
connection between the outer pipe adaptor 
and the fuel assembly being handled being 
effected by operation of a drive arranged 
to move the outer pipe relative to the inner 95 
pipe to bring the adaptor into engagement 
with the housing of the fuel assembly. 

4. A fuel recharging machine as claimed 
in claim 3, including a second guide arranged 
in the sealed housing and along which the 100 
trolley of the manipulator is arranged to 
move. 

5. A fuel recharging machine as claimed 
in claim 3 or claim 4 wherein the said grip is 
a lever-type grip, and a part of the adaptor 105 
adjacent the end of the outer pipe is con-
structed as a bushing whose internal dia-
meter is equal to the outer diameter of jaws 
of the grip in their closed position, the 
arrangement of the pipes being such that the 110 
jaws are locked in a closed position by the 
bushing when the outer pipe adaptor is 
positioned to sealingly connect with a fuel 
assembly held by the jaws, the bushing hav-
ing chamfers at both ends of its internal 115 
opening, one said chamfer facing the reactor 
and being arranged to interact with bevels 
provided on the jaws of the grip to close 
the jaws about the head of a fuel assembly 
as the outer pipe adaptor is moved into seal- 120 
ing connection with the assembly, and the 
other said chamber facing away from the 
reactor and being arranged to interact with 
bevels provided on tails of the grip, in order 
to disengage the jaws of the grip from the 125 
head of a fuel assembly being handled as 
the outer pipe adaptor is moved away from 
the assembly. 

6. A fuel recharging machine as claimed 
in claim 5, wherein the bushing is provided 130 
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with through holes for passage of the inert 
cooling gas from the inner pipe to the fuel 
assembly being handled. 

7. A fuel recharging machine as claimed 
5 in any one of claims 3 to 6, wherein the outer 

pipe of the bar is kinematically coupled to 
the drive arranged to move the outer pipe 
relative to the inner pipe by means of a co-
operating pair of screw-threaded elements 

10 one of which is provided on the external 
surface of the outer pipe and other of which 
is provided on the internal surface of a bush-
ing carried by the trolley and enveloping the 
outer pipe, the bushing being coupled to said 

15 drive by means of a two-stage gear drive, 
whose intermediate shaft is the, or one of 
the, guides of the trolley, the inner and outer 
pipes of the bar being joined by means of a 
sliding key joint. 

20 8. A fuel recharging machine as claimed 
in claim 7, when dependent on claim 4, 
wherein the inner pipe is arranged to be 
rotatably driven by a rotary drive by which 
it is coupled by a second two-stage gear 

25 drive whose intermediate shaft is the said 
second trolley guide, the gear ratios of both 
said two-stage gear drives being equal, 
whereby operation of both said drives to 
rotate both pipes in the same direction and 

30 at equal angular speeds enables angular 
orientation of a fuel assembly being handled. 

9. A fuel recharging machine as claimed 
in any one of claims 3 to 8, provided with 
at least two stops mounted on the sealed 
housing and uniformly spaced around the 35 
periphery thereof, the stops being recipro-
cally movable into and out of engagement 
with the outer pipe to enable that pipe to be 
releasable rigidly held. 

10. A fuel recharging machine as claimed 40 
in claim 9, wherein the stops are arranged in 
immediate proximity to the position of the 
adaptor of the outer pipe when the manipu-
lator is in a position in which it can hold a 
fuel assembly fully within the sealed housing. 45 

11. A method of fuel recharging of a 
fast-neutron reactor cooled with a liquid-
metal coolant, substantially as hereinbefore 
described with reference to the accompany-
ing drawings. 50 

12. A fuel recharging machine for a 
fast-neutron reactor, substanti ally as herein-
before described with reference to the 
accompanying drawings. 
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