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[57] ABSTRACT 

Apparatus and process for shearing long units, such as 
nuclear fuel bundles, into pieces of predetermined 
length for further processing. The apparatus comprises 
a sealable magazine for receiving the bundles, means 
for urging the bundle forward, a vertical and horizon-
tal gag, or alternately two parallel-acting horizontal 
gags operated in conjunction with a vertical restraint, 
for compressing the front portion of the bundle, and a 
shear blade adjacent to the gags, whereby the nuclear 
fuel bundle may be urged forward in increments, com-
pressed and sheared into pieces. 

6 Claims, 12 Drawing Figures 
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1 
METHOD FOR SHEARING SPENT NUCLEAR FUEL 

BUNDLES 

This invention relates to an improved material-
cutting control system and more particularly to a 5 
method for shearing nuclear fuel bundles into units of 
shorter and predetermined length. Apparatus to ac-
complish this operation is generally known as a fuel 
bundle shear. Such an apparatus serves to cut spent nu-
clear fuel bundles into short sections for feeding to a 10 
dissolution process wherein the pieces are leached with 
nitric acid to separate the acid-soluble uranium values 
from the insoluble hulls and end fittings. 
Fuel bundles are commonly constructed of nuclear 

fuel-filled tubes up to about % inch in diameter which 15 
are banded together by tube sheets into square cross-
sections which may vary up to about 12 inches square. 
These bundles may vary in length up to about 20 feet, 
and generally have end fittings to hold the assembly to-
gether and to serve as distributing heads for cooling wa- 20 
ter. 
The emission of neutrons within a nuclear reactor 

brings about a degree of embrittlement in the material 
of construction of the bundle as well as in the fuel pel-
lets with which the tubes are filled. This embrittlement 25 
introduces a problem in the nuclear fuel recovery pro-
cess, for it can lead to premature breakage of the tubes 
when the bundle is being fed into the shear blade for 
shearing. This can result in undesirable variations in the 
length of the cut pieces. It is the aim Of the present in- 30 
vention to obtain an accurate length of cut. The nu-
clear fuel must be leached free of the acid insoluble 
hulls, and the time required to obtain complete solution 
varies with the length of the pieces. Inaccurately cut 
lengths of tube therefore make process Control difficult 35 
and may lead to incomplete removal of the fuel from 
the tube sections. The ability to control the length of 
the cut pieces is essential to the proper operation of the 
shear, and realization of the objects of this invention. 
Shears have been designed in the past for shearing 40 

spent nuclear fuel bundles, but these shears are gener-
ally limited not only as to the cross-section of the bun-
dles which they will accommodate, but to the length of 
the bundles that can be handled as well. In the past it 
has generally been necessary to remove the end fittings ^ 
or other hardware by a cutting machine before trans-
ferring the fuel bundles to a shear. Although a pressure 
device is sometimes used to hold and compress the 
tubes or rods during the shearing operation, the device • 
employed can notch and distort the individual mem-
bers, thus causing premature breakage of the embrit-
tled tubes and undesirably leading to variations in the 
length of the cut pieces. 
It is an object of the present invention to provide a ^ 

practical method for cutting fuel bundles of various 
sizes up to about 12 inches in cross-section and up to 
20 feet in length without prior disassembly ofthe appa-
ratus. 
It is a further object of this invention to provide a 6Q 

method for shearing off the end fittings of the bundle 
as a part of the same operation in which the entire bun-
dle is cut into lengths of the size chosen for the subse-
quent dissolution step. 
It is a further object of this invention to provide a 

method for compressing the bundles as each length ap-
proaches the point of shearing, to facilitate a clean 
shear without notching the embrittled fuel elements, 
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2 
which would contribute to premature breakage of these 
elements and consequently to variation in the length of 
the severed pieces. 
It is a further object of this invention to provide for 

the lateral charge of the bundles into the shear, for the 
complete enclosure of the bundle in the apparatus and 
for the adjustment or insertion of a side wall to thus 
align and guide the fuel bundle in its approach to the 
shearing member. 
It is a further object of this invention to provide a 

method for urging the bundle forward through the ap-
paratus in predetermined increments, for acting upon 
the end of the bundle with a vertical gag and a horizon-
tal gag, thus compressing the front portion of the bun-
dle from two directions, or alternately compressing the 
bundle with two parallel-acting horizontal gags operat-
ing in conjunction with a vertical restraint, shearing off 
predetermined lengths of the bundle by means of a 
blade, and finally permitting the severed lengths to 
drop through a chute or conduit directly to the dissolu-
tion apparatus. (A "gag" as used herein is a clamping 
device which can also effect some collapse of the mate-
rial held.) 
It is a still further object of this invention to provide 

for unidirectional or two-directional gagging, wherein 
the gags are arranged in a removable module or assem-
bly which may be readily removed and replaced by re-
mote control. The restraining member may optionally 
be included in the removable module together with the 
gag(s). 
These and other objects are accomplished according 

to our invention wherein the forward end fitting is cut 
from a nuclear fuel bundle, the entire fuel bundle is cut 
into short sections of predetermined length and the fit-
ting and sections are delivered to the dissolution pro-
cess together with the remaining end fitting. 
Briefly, the apparatus comprises a chamber, open on 

one side to laterally receive the full length of the fuel 
bundle, means for closing and sealing the lateral open-
ing of the chamber, a movable side wall which may be 
adjusted according to the cross-section of the bundle 
contained in the chamber so as to serve as a guide for 
the fuel bundle, a feed member which urges the bundle 
forward through the apparatus in predetermined incre- — 
ments, a vertical gag with limited movement which first 
subjects the fuel bundle to a compressive force, and 
then, with its position fixed, serves as a restraint to the 
bundle while it is further acted upon by a horizontal 
gag, to cooperatively compress the front portion of the 
bundle from two directions. Alternately, two or more 
horizontal gags and a vertical restraining member are 
provided, which cooperate to diminish the width of the 
front portion of the bundle while essentially retaining 
its height. This arrangement can also provide another 
important service, for if the fuel bundle jams during the 
shearing operation, it may readily be freed by raising 
the movable restraining member. A moving shear blade 
is also provided, preferably having a stepped configura-
tion, to shear the compressed portion of the bundle, 
and a conduit beneath the shearing member in commu-
nication with the dissolution apparatus through which 
pieces sheared from the fuel bundle may be conducted 
to the subsequent dissolution step. In each of the two 
embodiments both gags are preferably contained 
within a removable module and their contact faces are 
contoured to insure satisfactory compression of the 
bundle. 
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More specifically, those portions of the nuclear fuel 
bundle shear of our invention which are in direct com-
munication with nuclear material, are contained in a 
hot cell, and the moving parts are controlled remotely, 
being actuated by means such as hydraulic and pneu- 5 
matic cylinders, and electric motors. The chamber 
which accepts the spent nuclear fuel bundle comprises 
a magazine which may be opened laterally for loading, 
then closed and essentially sealed. The seal, which is 
not absolute, may be achieved, for example, by means 10 
of tight fitting lips or by metal gaskets consisting of 
multiple layers of resilient metal strips arranged squee-
gee fashion along either the moving edges, or the sta-
tionary edges to be sealed. When the loading entry of 
the magazine is closed, the only other major opening is 
that through which the bundle is urged when it is to be 
sheared by the shearing member. 
A housing surrounds the shear blade, said housing 

being in communication with the conduit and also with 
the gag module and magazine, thereby forming a 
closed, essentially airtight system with the dissolution 
apparatus. 
Normally, the dissolution apparatus is maintained 

under slightly reduced pressure to control the flow of ^ 
fine particles and gases generated by shearing the fuel 
bundle, and to prevent backflow of acid fumes from the 
dissolution apparatus up into the shear; hence, air from 
the surrounding hot cell leaking into the sealed maga-
zine and at other points in the closed system, flows 30 
through the conduit to the dissolution apparatus. 
The shearing member comprises a blade having a 

stepped, a pyramidal or an angular guillotine-like con-
figuration. This slideably arranged shear blade posi-
tioned in cooperative relationship with a stationary 35 
shear block is also slideably positioned in sealing rela-
tionship with the opening of the magazine through 
which the fuel bundle extends. Accordingly, the ex-
tended blade serves substantially as a relatively gas-
tight gate to the magazine, but permits gas flow through 40 
the opening when in a retracted position. 
The sheared pieces and the end fittings of the fuel 

bundle drop through an open ended conduit and are 
directed thereby to the dissolution step of the recovery 
process. Each time the shear blade completes its 45 
stroke, it might be expected that it would interrupt the 
flow of air from the magazine and the surrounding hot 
cell. Interruption of the flow of air during the shearing 
operation would be undesirable; therefore, a valve-
controlled bypass is provided to prevent such an inter- 50 
ruption. 
During the loading operation, however, the shear 

blade is fully extended, thus acting as a gate valve for 
the opening between the magazine and the housing sur-
rounding the aforesaid open ended conduit. At such 
times the bypass is also closed to a point where the flow 
of air is limited to essentially that which would nor-
mally be obtained from leakage into the closed maga-
zine, thereby permitting the loading operation without 
affecting the partial pressure maintained in the dissolu-
tion apparatus. 
There are many ways in which this air flow can be 

controlled; for example, a butterfly valve can be em-
ployed, the periphery of the movable disc of which has ^ 
an adjustable notch or perforation, or is otherwise pre-
vented from entirely closing, so that in its position of 
minimal flow the opening remaining admits essentially 

60 

the same flow of air normally obtained as a result of 
leakage into the closed magazine. 
In operation, such a valve is opened when the maga-

zine is closed and cut off from the balance of the system 
by the fully extended shear blade. It is closed when the 
magazine is closed, but not cut off from the system by 
the shear blade in its retracted position. Most impor-
tantly, it is also closed when the shear blade is fully ex-
tended and the magazine is open for the charging of a 
bundle, or for any other reason. In other words, the 
valve is controlled so that the flow of air through the 
conduit to the dissolution apparatus remains essentially 
constant under all circumstances. Operation of the 
valve may be based on pressure differentials, or it may 
be operated by mechanical or electrical means. 
In the drawings, we have illustrated two embodi-

ments of the invention. 
FIG. 1 is a plan view of the preferred embodi-ment, 

being partially in horizontal section with covers re-
moved. Minor details have been omitted. 
FIG. 2 is a vertical section on the line 2—2 of FIG. 

1. 
FIG. 3 is a transverse section on the line 3—3 of FIG. 

2. 
FIG. 4 is a transverse section on the line 4—4 of FIG. 

1. 
FIG. 5 is a vertical section showing detail of the re-

movable gag module 24 of FIGS. 2 and 3. 
FIG. 6 is a vertical section showing detail of the re-

movable gag module 24 on line 6—6 of FIG. 5. 
FIG. 7 is a cross-sectional view of gags 27 and 30 il-

lustrating the approximate contour of the holding 
member or gag block. 
FIG. 8 is a plan view of the shearing end of the unit 

illustrating an alternate embodiment wherein two adja-
cent independently acting gag blocks operate in coop-
eration with and at essentially right angles to a restrain-
ing block, not shown. 
FIG. 9 is a half section elevation of the shearing end 

of the unit on line 9—9 of FIG. 8 showing the restrain-
ing member. 
FIG. 10 is an end view on line 10—10 of FIG. 9, 

showing deformation of the end of the fuel bundle re-
sulting from pressure applied by the horizontally acting 
adjacent gags in cooperation with a vertical restraining 
member. 
FIG. 11 discloses a modification wherein inserts are 

used to guide the bundle. 
FIG. 12 discloses a modification wherein the appara-

tus side walls are fixed. 
Describing in illustration but not in limitation, and 

referring to the drawings, FIGS. 1, 2, 3, 8, 9 and 10 
show a partially sheared nuclear fuel bundle positioned 
in the apparatus. In FIG. 1 a typical nuclear fuel bundle 
as it comes from the reactor is shown as 17 having fuel 
end cap 18 and fuel spacers 21. In the illustration the 
first end cap has been removed by shear blade 25. 
In operation, a typical fuel bundle which may vary in 

cross-section up to about 12 inches or in length up to 
about 20 feet, is first delivered to the magazine in a hor-
izontal position. 
In preparation for receiving the fuel bundle within 

the magazine, movable plate 44 of FIGS. 1 and 4 is 
moved toward side section 46 until the distance be-
tween these parallel surfaces is just sufficient to accom-
modate the particular fuel bundle to be charged, and to 
insure its alignment with respect to the shearing mecha-
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nism. Alternately, rather than a movable wall, appro- is shown as drive mechanism 14 which operates outside 
priately sized or positioned inserts 75 may be placed of concrete barrier 22 and supplies motive power 
along the back wall of the magazine to thus leave just through the concrete wall by means of rotating shaft 13 
sufficient room for the selected bundle to be guided in affixed to pinion 12 which engages rack 15 on shear 
slideable alignment with the shearing mechanism, as 5 feed push rod 11, FIGS. 1 and 2. Depending on the di-
shown, in FIG. 11. rection of rotation of shaft 13, push rod 11 may be 
In FIGS. 1, 4 and 8, a movable side 44 is shown pow- moved in the direction away from the shearing head to 

ered by driving means so that it may be moved in a pis- thus permit the lateral positioning of a new fuel bundle 
ton-like manner towards or away from parallel end sec- in the empty magazine; or it may urge fuel bundle 17 
tion 46 in order to adjust the width of the magazine to 10 forward for action by the shear. The moving shear 
the size of the fuel bundle to be received. This movable blade 25 and gags 27 and 30 are retracted, and the fuel 
side 44 is slideably arranged and sealed against the side bundle is advanced to a point where it extends beyond 
walls of the magazine at all points along its periphery. the shear blade 25 by a predetermined amount. Gags 
Although this movable side wall 44 ordinarily is ad- 27 and 30 are then urged by means of hydraulic pres-

justed before the bundle is placed in the magazine, it 15 sure against the fuel bundle, which is supported against 
may, if desired, be moved afterward, thus urging the a fixed backing, whereby the fuel bundle is greatly 
bundle into proper alignment against parallel surface compacted at the point adjacent to the shear blade, and 
46 of FIGS. 1 and 4. Although there are many different the cross-section consequently is considerably reduced, 
ways in which movable plate 44 may be moved into po- More specifically, in the embodiment illustrated in 
sition, the method here illustrated comprises a gear 20 FIGS. 2, 3 and 5, gag block 30 is slideably arranged to 
train powered by motor means 47 of FIG. 1 which op- move vertically and in a direction perpendicular to the 
erates outside of concrete barrier 22 enclosing the hot positioned bundle. This motion is imparted as a result 
cell. Torque is applied selectively in either direction to of the gag block being attached to the piston and piston 
rotatable shaft 48 which extends through concrete bar- rod assembly 74 of hydraulically activated cylinder 31. 
rier 22, operates through gear box 51, FIG. 1, horizon- 25 When gag block 30 moves toward the nuclear fuel bun-
tal rotatable shafting 59 parallel to the magazine, and die, it compresses the bundle against stationary plate 
miter gears 50 at a plurality of points adjacent to wall 60 beneath. This gag, however, is preferably somewhat 
44. At each of these points, the center of the driven wider than the fuel bundle, and assuming it does not 
miter gear is threaded to cooperate with an axially ex- strike a non-compressible end fitting or fuel spacer, it 
tending screw or worm, one end of which is attached 30 reaches the end of its downward stroke at a predeter-
to movable plate 44, whereby the simultaneous unidi- mined fixed point, positioned to permit reduction of 
rectional turning of all the driven miter gears will urge the vertical dimension of the bundle to about 80 per-
the screws or worms, and wall 44 attached thereto, to- cent of its original value, FIGS. 3 and 5. 
ward or away from, end section 46 depending on the Horizontal gag 27 has a vertical dimension equal to 
direction of rotation imparted to the driven miter gears ̂ 5 about 80 percent of the vertical dimension of the fuel 
by motor means 47. Wall 44 may also be a stationary bundle to be acted upon; accordingly, when the vertical 
member, pre-positioned for a specific size of fuel bun- gag block 30 reaches the lower end of its stroke, it is 
die, and having no mechanism for lateral motion, as essentially in contact with the narrower horizontal gag 
shown in FIG. 12. 27. When the gags are activated, therefore, the vertical 
When magazine 10 has been adjusted as described, 40 gag 30 which is sufficiently wide to overhang the hori-

to receive the fuel bundle, the bundle is pushed later- zontal gag 27, even when the latter is fully retracted, 
ally into the magazine through the open throat section compresses the end of the fuel bundle downwardly 
49, FIGS. 1 and 4, This magazine is normally closed until said vertical gag contacts or essentially contacts 
and sealed by top section 45 of FIGS. 2 and 4, and side the horizontal gag. At this point it therefore remains 
section 46 of FIG. 4. These sections may be raised and ^ fixed and restrains the bundle as the horizontal gag 27 
subsequently closed as a unit by bracket 43. Appropri- slides beneath to further compress the end of the bun-
ate linkages and motor means are shown as support 40, die against shear anvil 53, FIG. 3. 
and one or more air actuated pistons and cylinders 39. With this novel arrangement the section of the fuel 
When the bundle has been horizontally positioned in bundle adjacent to the shear blade may be compressed 
the magazine it is covered and sealed through the ac- at will in two directions at right angles to each other 
tion of air actuated cylinders 39 which may be remotely and the hydraulically actuated gags may be controlled 
operated. When the magazine is in closed position, ap- and operated remotely. 
propriate sealing is provided at contact edges 58 of Since the tubes which comprise the fuel bundle are 
FIGS. 1 and 4. 55 frecluent'y father brittle, there would be considerable 
In operation, nuclear fuel bundle 17 is urged by breakage of these elements if the face of the gag which 

pusher head 20 through the gag module 24 (when gags contacts the fuel bundle were parallel to the bundle be-
27 and 30 have been moved away from the bundle), fore compression. In such a case, considerable distor-
past moving shear blade 25, and over the conduit open- tion and notching of the tubes would occur at the edge 
ing 35, FIGS. 1, 2, and 3. The distance beyond the 6Q of the gag away from the shearing mechanism. It has 
shear blade to which the bundle is urged is determined been found, however, that if the contour of the face of 
by the size of the fuel end cap or fitting 18 to be re- the gag block which contacts the tubes is so shaped that 
moved by the first cut, and thereafter by the length of the strain is distributed in an essentially even and uni-
the pieces required for the subsequent dissolution step. form manner throughout the section beneath the gag, 
The movement of pusher head 20 and, therefore, of the 65 and for some distance beyond in both directions, then 
fuel bundle 17, is accomplished and controlled by shear the breakage of embrittled elements will be minimized, 
feed push rod 11, FIGS. 1, 2, 8 and 9, shown partially Such a contour is obtained when the contact face of the 
advanced. The motor means for achieving this motion gag is made to slope gently toward the bundle to be 
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compressed, with the lowest edge adjacent to the shear. or the hot cell into the atmosphere. For this reason the 
Further, the edge of the gag block towards the shear by-pass valve is designed so that at its position of mini-
and the edge away from the shear should be rounded. mal flow, it permits essentially the same air flow to the 
Such a contour is approximated in FIG. 7. With such dissolution apparatus when the magazine is open for 
a contour the curve traced by those tubes in contact 5 charging, as occurs as a result of leakage into the maga-
with the gag, back to the point where no compression zine when it is closed. 
has taken place, depicts a uniformly gentle curve or The cut pieces of the fuel bundle including the end 
slope. A second horizontal gag may be used to further fittings drop through conduit 35 to the dissolution ap-
distribute the strain on the tubes when they are sub- paratus. In those instances when the rear portion of the 
jected to compression by the gags. 10 gags contact the relatively incompressible end fittings 
If one or both of the hydraulic cylinders which actu- or tube spacers during the shearing operation, consid-

ate the gags must be limited in size because of space erable compression of the multitube section still occurs 
considerations, the effectiveness of the smaller cylinder because of the sloping contour of the gag faces, 
or cylinders can be enhanced by the use of a booster A variation in the arrangement of the gags is also il-
cylinder as illustrated in FIG. 5. Whereas cylinder 33 15 lustrated in FIGS. 8, 9 and 10, which arrangement im-
activating horizontal gag 27 is shown as considerably proves the degree of compression that is possible when 
smaller than cylinder 31 which activates vertical gag a gag encounters an end fitting or tube spacer. Also, the 
30, the use of booster cylinder 32, FIGS. 3 and 5, in- cross-section of the compressed portion of the fuel 
creases the effective force exerted by cylinder 33 which bundle obtained by employing this embodiment is ob-
can then apply force comparable to that provided by 20 long, rather than essentially square. The advantage of 
cylinder 31. this compression pattern lies in the fact that somewhat 
It will be noted in examining FIG. 5 that the dimen- less sustained pressure is required in shearing through 

sion of the two gags working at right angles to one an- the bundle. 
other limits the area of the cross-section to which the With this arrangement, there are two adjacent hori-
bundle can be compressed. 25 zontal gags 67 and 68, FIG. 8. These adjacent gags may 
It is further noted that travel of vertical gag 30 is lim- be independently actuated by parallel hydraulic cylin-

ited by interference with horizontal gag 27. The verti- ders contained within a removable module or by cylin-
cal gag 30 is advanced downward to compress the bun- ders in tandem, as shown in FIG. 8. In this illustration, 
die vertically, then the horizontal gag 27 compresses shaft 65 attached to gag 68 is shown as surrounding 
the bundle horizontally. The total movement of the 30 shaft 66 attached to gag 67, said shaft being slideably 
outer rows of tubes is thus limited, to reduce potential and concentrically positioned within. Both shafts ex-
breakage due to gagging. This is the essence of the two tended, become the piston rods for piston-cylinder as-
gag system. semblies 69 and 73 respectively. In our illustration, 
Since the compressed cross-section of a small bundle both hydraulic cylinders, though in tandem, act inde-

must be considerably less than that of a large bundle, 35 pendently, the piston in cylinder 69 being essentially a 
different size gags will be used for fuel bundles within concentric ring about independently moving piston rod 
a specified size range. 66. This drawing is illustrative of just one of several 
To minimize shutdown time, in the preferred em- ways in which such adjacent parallel acting gags may be 

bodiment of the present invention, both gags and their actuated. These gags apply pressure on one side of the 
actuating cylinders are contained in a removable mod- 40 fuel bundle in the same direction as the adjacent shear, 
ule as detailed in FIGS. 5 and 6. This module has a lift- and compress the bundle against anvil 53. To prevent 
ing ring 54 and therefore can be removed from the nu- the upward mushrooming of the tubes, an adjustable 
clear shear, and replaced by another, having gags vertical restraining member 70 is lowered until it is 
which are either smaller or larger as the case may re- close to, or in contact with, the fuel bundle, before 
quire, by remote control. 45 pressure is applied by the horizontal gags 67 and 68. 
When the end of the bundle is compressed and held This vertical restraint essentially maintains the vertical 

by gags 27 and 30 as previously explained, shear blade dimension of the fuel bundle while the gags considera-
25 attached to shear block 57, FIGS. 1, 3, and 8, is bly reduce its horizontal dimension usually to approxi-
urged forward by remotely controlled hydraulic cylin- mately 60 to 70 percent of its original value, 
der 26 which lies outside concrete barrier 22 and trans- This arrangement is of particular benefit in shearing 
mits its power through the barrier by means of piston off the end fittings, for when the forward gag 68 holds 
rod 62. This action simultaneously shears off the ex- the front fitting, independently acting gag 67 is free to 
tended section of the compressed fuel bundle and cuts compress the tubes adjacent to the fitting. Correspond-
communication between the magazine and the dissolu- ingly, when rear gag 67 is holding the end fitting, gag 
tion apparatus not shown. 68 is free to compress the adjacent tubes. After the last 
To insure that the flow of air between the magazine shear, the end fitting is pushed into open conduit 35 by 

and dissolution apparatus is not interrupted by the push rod 11, thereby following the sheared pieces into 
shear blade, by-pass valve 72, FIGS. 1 and 3, provides the dissolution apparatus. 
the necessary communication during the interval when Finally, 38 in FIG. 1 represents an operation-
the shear blade is fully extended, with the exception controlling console outside the concrete barrier, from 
that it is always essentially closed when the magazine which vantage point the entire operation is safely car-
is opened for the insertion of a fuel bundle, or for any ried out. The fuel bundles are loaded into the maga-
other reason. It is desirable, however, that the flow of zine, aligned therein and the magazine closed and 
air to the dissolution apparatus be essentially constant sealed. The bundle is urged through the shear in incre-
at all times during the operation, to prevent acid vapors ments, the front end fitting sheared off, and the entire 
reaching the shear from said dissolution apparatus, and bundle is sheared into pieces suitable for dissolution, 
to prevent an outflow of air from the fuel bundle shear Both fittings and the sheared pieces drop through open 



3,763, 
9 

conduit 35 to the dissolution apparatus where the acid 
soluble nuclear fuel is leached away from the insoluble 
tubes, fittings, and tube separators with a suitable acid 
solution. Different size bundles can be accommodated, 
and when necessary, various sized gags can be substi- 5 
tuted as part of a compact portable module, all by re-
mote control. 
It can thus be seen that the nuclear fuel bundle shear 

method of the present invention is manifestly capable 
of achieving the objects set forth in the specification, 10 
and while preferred embodiments of the present inven-
tion have been disclosed, it will readily be appreciated 
that the present invention is not limited thereto but 
may be otherwise embodied within the scope of the fol-
lowing claims. 15 
We claim: 
1. The method of shearing spent nuclear fuel bundles 

having fittings at each end, into pieces for treatment in 
a subsequent dissolution zone, which comprises the 
steps of: 20 

a. charging the fuel bundle into a zone for shearing 
spent nuclear fuel bundles with a shear blade; 

b. urging the bundle forward past the shear blade; 
c. reducing the cross-section of the fuel bundle at a 
point adjacent to the shear blade by first applying 25 
compressive forces to the bundle in two directions 
substantially at right angles to each other, and sub-
sequently continuing the compressive force in one 
of those directions while restraining the bundle in 
the other; 30 

d. shearing off the front end fittings; 
e. continuously advancing the bundle past the shear 
blade while compressing and shearing the bundle 
into predetermined lengths; and 

/. recovering the sheared lengths and both end fit- 35 
tings for treatment in the subsequent dissolution 
zone. 

2. The method of claim 1 wherein the subsequent dis-
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solution zone is held under reduced pressure to create 
a flow of air from the zone for shearing the spent nu-
clear fuel bundles to the dissolution zone, and said flow 
of air is maintained at an essentially constant value dur-
ing both the charging and the shearing operations. 
3. The method of claim 2 wherein the end fittings and 

cut pieces of a sheared spent nuclear fuel bundle are 
dropped through a conduit to the dissolution zone. 
4. The method of shearing spent nuclear fuel bundles 

having fittings at each end, into pieces for treatment in 
a subsequent dissolution zone, which comprises the 
steps of: 

a. charging the fuel bundle into a zone for shearing 
spent nuclear fuel bundles with a shear blade; 

b. urging the bundle forward past the shear blade; 
c. reducing the cross-section of the fuel bundle at a 
point adjacent to the shear blade by applying com-
pressive force to the fuel bundle in one direction 
while restraining the bundle in a direction substan-
tially perpendicular to the direction of the applied 
compressive force. 

d. shearing off the front end fittings; 
e. continuously advancing the bundle past the shear 
bundle while compressing and shearing the bundle 
into predetermined lengths; and 

/. recovering the sheared lengths and both end fit-
tings for treatment in the subsequent dissolution 
zone. 

5. The method of claim 4 wherein the subsequent dis-
solution zone is held under reduced pressure to create 
a flow of air from the zone for shearing the spent nu-
clear fuel bundles to the dissolution zone, and said flow 
of air is maintained at an essentially constant value dur-
ing both the charging and the shearing operations. 
6. The method of claim 4 wherein the end fittings and 

cut pieces of a sheared spent nuclear fuel bundle are 
dropped through a conduit to the dissolution zone. 
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