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(54) Reconstitutabfe fuel assembly for 
a nuclear reactor 

(57) A reconstitutable fuel assembly 
for a nuclear reactor wi th a mechanical 
arrangement for connecting control rod 
guide thimbles (22) to the top and 
bottom nozzle plates (32,58) of a fuel 
assembly. Sleeves (46,60) enclosing 
control rod guide thimbles (22) inter-
connect the top and bottom nozzle 
plates (32,58) and the fuel assembly 
upper and lower spacer grid (14). Each 
sleeve (46,60) is secured to the respec-
tive nozzle plate (32,58) by retaining 
rings (48, 50, 82) disposed on opposite 
sides o f the nozzle plates (32,58). 
Should it be necessary to remove a fuel 
rod f rom the assembly, the retaining 
rings in either the top or bottom nozzles 
may be removed to release the nozzle 
f rom the control rod guide thimbles and 
thus expose either the top or bottom 
ends of the fuel rods to fuel rod remov-
ing mechanisms. 
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SPECIFICATION 

Reconstitutablefuel assembly for a nuclear reactor 

5 The invention described herein relates to nuclear 
reactor fuel assemblies and more particularly to a 
reconstitutable assembly having removable top and 
bottom nozzles. 

Conventional designs of fuel assemblies include a 
10 multiplicity of fuel rods and control rod guide 

thimbles held in an organized array by grids spaced 
along the fuel assembly length. Top and bottom 
nozzles on opposite ends thereof are secured to the 
control rod guide thimbles which extend slightly 

15 above and below the ends ofthe fuel rods. Atthe top 
end ofthe assembly, the guide thimbles are welded 
in openings provided in the top nozzle while those at 
the lower end are attached to the bottom nozzle by a 
shoulder bolt which is locked and then welded in 

20 position. 
During operation of such assembly in a nuclear 

reactor, the fuel rods may occasionally develop 
cracks along their length resulting primarily from 
internal stresses thus establishing the possibility 

25 that fission products having radioactive characteris-
tics may seep into the primary coolant ofthe reactor. 
Such products may also be released into a flooded 
reactor cavity during refueling operations or into the 
coolant circulant through pools where the spent fuel 

30 assemblies are stored. 
It is difficult to detect and even more difficult to 

remove failed fuel rods because they are part of an 
integral assembly of guide tubes welded to the top 
and bottom nozzles. In order to gain accessto 

35 individual fuel rods, it is necessary to remove the 
affected assembly from the nuclear reactor core and 
then break the welds which secure the top and 
bottom nozzles to the control rod guide thimbles. In 
so doing, the destructive action often renders the 

40 fuel assembly unfit for further use in a reactor 
because ofthe damage done to both the guide 
thimbles and the top and bottom nozzles. 

In view ofthe high costs associated with replacing 
defective parts, it is the principal object ofthe 

45 present invention to provide reconstitutable fuel 
assemblies in orderto minimize both reactor 
operating and maintenance expenses. 

With this object in view, the present invention 
resides in a reconstitutable fuel assembly compris-

50 ing an array of parallel fuel rods held in spaced 
' relationship with each other by grids spaced along 

the fuel rod length, a multiplicity of control rod guide 
thimbles interspersed among said rods, said thim-

5 bles being attached to said grids, a top nozzle and a 
55 bottom nozzle located on opposite ends of said fuel 

rods and guide thimbles, separate upper and lower 
control rod guide thimble sleeves enclosing the ends 
of said control rod guide thimbles and arranged to 
respectively interconnect said top and bottom 

60 nozzles with the adjacent grids, said upper sleeve 
having a section extending through the top nozzle 
and having a diameter just sufficient to accept the 
control rod adapted to reciprocate therein, characte-
rized in that said section of said sleeve extending 

65 through the top nozzle has a greater diameter and 

greater wall thickness than the remaining portions 
thereof, and spring rings are located in recesses on 
opposite sides of said nozzle plate which rings are 
seated in grooves in the sleeve so as to engage said 

70 sleeves with said top nozzle plate but to permit lifting 
of said nozzle plate. 

With this arrangement either nozzle plate can be 
removed, so as to provide access to the bottom or 
top end of the fuel assembly for the detection and 

75 removal of failed fuel rods from any location within 
the assembly. 

The invention wil l become more readily apparent 
from the following description of a preferred embo-
diment thereof shown, by way of example only, in 

80 the accompanying drawings in which: 
Figure 1 is a view in elevation partly in section, 

illustrating the design of a fuel assembly which 
incorporates features arranged to permit the sepa-
rate removal ofthe top nozzle and bottom nozzle in 

85 the assembly. 
Figure 2 is a plan view of the fuel assembly shown 

in Figure 1. 
Figure 3 is a bottom view of the fuel assembly 

illustrated in Figure 1. 
90 Figure4\san enlarged view showing how a 

control rod guide thimble is removably attached to 
the upper nozzle and a lower nozzle in a fuel 
assembly. 

Referring now to the drawings wherein like refer-
95 ence characters designate like or corresponding 

parts throughout the several views, there is shown in 
Figures 1-3 a nuclear reactor fuel assembly 10 
including an array of fuel rods 12 held in spaced 
relationship to each other by grids 14 spaced along 

100 the fuel assembly length. Each fuel rod includes 
nuclearfuel pellets 16 and a spring 18 located in the 
plenum of each fuel rod, and the ends of the rods are 
closed by end plugs 20, all in a conventional manner. 

To control the fission process, a multiplicity of 
105 control rods 21 are reciprocally movable in control 

rod guide tubes or thimbles 22 located at predeter-
mined positions in each selected fuel assembly in 
the reactor. The assembly includes a top nozzle 24 
and a bottom nozzle 26 to which opposite ends ofthe 

110 control rod guide thimbles 22 are attached to form 
an integral assembly capable of being conveniently 
handled without damaging the assembly compo-
nents. 

As illustrated in Figures 2 and 3, the nozzles are 
115 square in cross section and the top nozzle comprises 

a housing 28 having an upper plate 30 spaced from a 
lower adapter plate 32. Assembly hold-down springs 
34 attached to opposite sides of upper plate 30 are 
held in place by bolts 36 and are adapted to be 

120 engaged when the reactor upper core plate (not 
shown) is placed in position. The top nozzle further 
includes a rod cluster control assembly 37 compris-
ing an internally-threaded cylindrical member 38 
having radially-extending flukes or arms 40. A 

125 connector 42 interconnects each control rod 21 with 
the arms, the arrangements being such that the rod 
cluster assembly moves the control rods vertically in 
the control rod guide thimbles to thereby control the 
fission process in the assembly. 

130 Referring to the upper part of Figure 4 which 
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illustrates the arrangement for supporting the top 
nozzle on control rod guide thimbles, the top nozzle 
adapter plate 32 is provided with a multiplicity of 
openings 44 which correspond in numberto the 

5 control rod guide thimbles for the particular assem-
bly, e.g. 24 guide thimbles for a 17 x 17 fuel 
assembly. A sleeve 46 preferably of Inconel (Reg-
istered Trade Mark) having a wall of increased 
thickness over the main body of the sleeve is placed 

10 in each of the adapter plate openings. It is held in 
place by a pair of split retaining rings 48,50 pressed 
in shaped slots or recesses in the adapter plate top 
and bottom surfaces and in circumferential grooves 
machined in the sleeve outer surface. The bowed 

15 retaining ring 50 in the lower groove must be 
partially flattened to enablethe later insertion of the 
upper flat ring to thereby provide a preloaded 
connection across the adapter plate. The lower ring 
50 serves as a stop member when the nozzle is set in 

20 place. When the retaining rings 48 are removed from 
the sleeves, the nozzle may be lifted off rings 50. The 
retaining ring material is preferably Inconel (Reg-
istered Trade Mark) for maximum strength and 
optimum retention of elastic properties. 

25 The section of increased thickness of thimble 
sleeve 46 also makes possible the provision of a lip 
54 which is contacted by the upper end of control rod 
guide thimble 22. Since control rods must move in 
an unimpeded manner in the control rod guide 

30 thimble, both control rod guide thimbles and that 
portion o f the sleeves above the lip are designed to 
have the same inner diameter. As in prior designs, 
each of the sleeves 46 is of a diameter slightly 
greater than a grid cell and includes four rectangu-

35 lar-shaped openings 55 spaced at 90° intervals 
around the sleeve. Each such opening has a length 
sufficient to bridge the height of a grid strap so that 
when the sleeve is placed in a grid, the sleeve 
material at the opening snaps over its strap thus 

40 locking the sleeve 46 to the grid 14. To further secure 
the sleeve 46 to the top grid 14 in the assembly, the 
sleeve is bulged outwardly at points immediately 
above and below the grid straps 14. Bulging is used 
if the materials are different, i.e., zircaloy guide 

45 thimble sleeves and stainless steel grids, but the 
parts are welded when the materials are the same. 

The bottom nozzle 26 includes feet 56 shaped to 
rest on a bottom core plate in the reactor, and upper 
section 58 which is designed to receive and support 

50 the guide thimbles 22 at their lower ends. The guide 
thimbles 22 are received in lower sleeves 60 of 
uniform inner and outer diameter. The sleeves 60 are 
attached to the lowermost grid of a fuel assembly 
and extend downwardly to engage the end plugs 70 

55 of the thimbles 22 by means of an inwardly directed 
flange shoulder 64 having a central opening 66 of 
lesser diameter than the main body of the plug 70. 
The end plugs 70 have shoulders 68 on which the 
thimbles are seated and welded to the end plugs 70. 

60 The plug 70 has a central threaded bore 72 which 
receives the threaded top end 74 of end plug 
extension 76 and into which the end plugs exten-
sions 76 are tightly threaded to f irmly engage the 
sleeves 60 with the end plugs 70. The lower body 

65 portion 78 o f the plug extension 76 extends down-

wardly through the nozzle plate 58 and has a 
circumferential groove 80 receiving a bowed split 
retaining ring 82. A flange 84 of the end plug 
extension 76 rests on the recessed top surface 86 of 

70 the nozzle plate 58 so as to coact with the retaining 
ring 82 to hold the end plug extension 76 in the 
bottom nozzle. A central passage 88 of 1 mm 
diameter meters reactor coolant into the main body 
of the guide thimble. The top 90 of the end plug 

75 extension 76 projects into the end plug 70 and an 
annulus 92 is formed between these parts which 
serves as a well for the accumulation of any 
particulate in the coolant. Tack welds may be made 
at the junction of the upper part of the inset and the 

80 sleeve and at the junction of the lower end of the 
insert and the plug. These welds do not interfere 
with removal of the bottom nozzle because it is 
separated from the guide thimbles by removing 
retaining rings82. 

85 After a fuel assembly has been placed in a reactor 
core for operation, the assembly is lifted from its 
core position and either the top or bottom nozzle 
may be removed in the event one or more fuel rods 
need to be replaced. This action exposes the end of 

90 fuel rods which may be removed and replaced at 
will. Eitherthe original or replacement nozzles may 
be attached and the assembly reinstalled in the 
reactor core to the nozzles are mechanically fas-
tened, instead of metallurgically fastened, to oppo-

95 site ends of the control rod guide thimbles which 
extend the length of the fuel assembly. The im-
proved structure permits each nozzle to be removed 
remotely from an irradiated fuel assembly while it is 
submerged in a neutron absorbing liquid, thus 

100 providing access at thetop and bottom endfor the 
detection and removal of failed fuel rods from either 
the top or bottom and from any location within the 
assembly. This permits access to fuel rods in an 
assembly to allow for the transfer of partially spent 

105 fuel rods from one damaged skeleton, for example, 
to another thus permitting the fuel rods to achieve 
their intended burnup levels. The design further 
permits access for the removal and/or rearrange-
ment of fuel rods to attain better uranium utilization 

110 in the reactor. 

CLAIMS 

1. A reconstitutable fuel assembly comprising an 
115 array of parallel fuel rods held in spaced relationship 

with each other by grids spaced along the fuel rod 
length, a multiplicity of control rod guide thimbles 
interspersed among said rods, said thimbles being 
attached to said grids, a top nozzle and a bottom -

120 nozzle located on opposite ends of said fuel rods and 
guide thimbles, separate upper and lower control 
rod guide thimble sleeves enclosing the ends of said 
control rod guide thimbles and arranged to respec-
tively interconnect said top and bottom nozzles with 

125 the adjacent grids, said upper sleeve having a 
section extending through the top nozzle and having 
a diameter just sufficient to accept the control rod 
adapted to reciprocate therein, characterized in that 
said section of said sleeve (46) extending through 

130 the top nozzle (32) has a greater diameter and 
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greater wall thickness than the remaining portions 
thereof, and spring rings (48,50) are located in 
recesses on opposite sides of said nozzle plate (32) 
which rings (48,50) are seated in grooves in the 

5 sleeve (46) so as to engage said sleeves (46) with 
said top nozzle plate (32) but to permit lifting of said 
nozzle plate (32). 

2. A fuel assembly according to claim 1 characte-
rized in that said top spring ring (48) is a split 

10 removable ring located in said recess and groove, 
and the lower spring ring (50) is a bowed ring on 
which said nozzle plate (32) rests. 

3. A reconstitutable fuel assembly according to 
claim 1 or 2, wherein a plug is mounted on the lower 

15 end of the thimble for attachment of the thimble to 
said bottom plate, characterized in that said plug (70) 
has a threaded central bore (72) and a plug extension 
76 is f irmly threaded into said bore (72) to engage a 
sleeve (60) with said plug (70), said sleeve (60) 

20 receiving the lower part of said thimble (22) and said 
plug (70), said sleeve (60), plug (70) and plug 
extension (76) form a rigid connection between the 
control rod guide thimble (22) and the bottom nozzle 
plate (58) with said plug extension (76) extending 

25 through said nozzle plate (56) and being anchored 
therein by a locking ring (82) which coacts with the 
bottom surface ofthe nozzle plate (58) and is 
disposed in a groove (80) in the plug extension (76). 
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