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ABSTRACT

A fuel transfer system for moving nuclear reactor fuel
assemblies from a new fuel storage pit to a containment
area containing the nuclear reactor, and for transferring
spent fuel assemblies Under water from the reactor to a
spent fuel storage area. The system includes an underwater track which extends through a wall dividing the
fuel building from the reactor containment and a car on
the track serves as the vehicle for moving fuel assemblies between these two areas. The car is driven by a
motor and linkage extending from an operating deck to
a chain belt drive on the car. A housing pivotally
mounted at its center on the car is hydraulically actuated to vertically receive a fuel assembly which then is
rotated to a horizontal position to permit movement
through the wall between the containment and fuel
building areas. Return to the vertical position provides
for fuel assembly removal and the reverse process is
repeated when transferring an assembly in the opposite
direction. Limit switches used in controlling operation
of the system are designed to be replaced from the
operating deck when necessary by tools designed for
this purpose.
5 Claims, 8 Drawing Figures
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FUEL TRANSFER SYSTEM FOR A NUCLEAR
ment which utilizes hydraulically actuated components
REACTOR
capable of safely handling and controlling fuel assemn . r l / r D A | T T J C iM^cMTinw
bly movement even under loss of power conditions.
BACKGROUND OF THE INVENTION
The electrical and other equipment used in the control
The invention described herein relates to nuclear 5 process which might fail is located above the water
reactors and more particularly to a system for transferlevel where repairs can promptly and efficiently be
made. To preclude the necessity of draining the system
ring fuel assemblies between a fuel handling building
and the containment area which encloses the reactor.
for repairs to power moving, interlocking and other
The fuel for large nuclear reactors of the type used
devices, the parts are arranged such that replacement
for generating electrical power, is contained in long, 1 0 from the operating deck may be made by tools espesmall diameter fuel rods or elements ranging in length
cially designed for this purpose,
from 1 2 to about 2 0 feet. Typically, about 2 2 5 - 4 0 0 fuel
An object of the invention therefore is to provide a
elements are disposed in a predetermined pattern in a
fuel handling system in which the control and other
fuel assembly with spaces provided between the fuel
power operated components subject to failure are loelements for vertically adjustable control rods. Al- 1 5 cated in an accessible area for replacement or repairs,
though the number of fuel assemblies may vary from
Another object of the invention is the provision of an
reactor to reactor, a perspective on reactor size may be
improved arrangement for holding a container having a
appreciated from the fact that a 1100 megawatt reactor
fuel assembly therein to minimize the likelihood of
will contain 200 fuel assemblies. When these fuel .asdamage to fuel elements in the assembly while it is
semblies are set in position and the reactor placed "in 2 0 being transported from one location to another,
operation, the fission process generates heat and in so
Still another object of the invention is the provision
doing consumes the fuel thus requiring removal and
of an improved arrangement for replacing electrical
replacement of old fuel assemblies with new assemblies
interlocking devices and switches submerged in radiocontaining fresh fuel. Since the metallic rods and other
active water.
supporting structures in each assembly becomes radio- 25
„„iT
BRIEF
active, the operation which effects transfer of old for
DESCRIPTION OF THE DRAWINGS
new assemblies must be carried out completely underThe subject matter which we regard as our invention
water. As with usual reactor constructions, the reactor
is particularly pointed out and distinctly claimed in the
head and associated components are removed and the
concluding portion of this specification. Our invention
reactor containment flooded to a level sufficient to 3 0 however, both as to organization and method of operapermit keeping the assembly submerged as the assemtion, together with further objects and advantages
bly is lifted vertically from the reactor core and transthereof, may best be understood by reference to the
ferred to a shipping container.
following description taken in connection with the
According to past practices, each fuel assembly is
accompanying drawing in which:
removed from the reactor to a transfer area wherein 35
FIG. 1 is a plan view of new and spent fuel storage
the assembly is pivoted at one end and lowered for
areas and the transfer system used to move fuel assemmovement horizontally through a canal to a spent fuel
blies between the storage areas and a nuclear reactor,
pit. To protect against damage to fuel elements and
FIGS. 2A, 2B and 2C are views in elevation, partly in
release of radioactive gases in the event of cable breaksection, illustrating the relative disposition of compoage or other accident, an elaborate shock absorber 4 0 nents comprising a fuel transfer system;
arrangement is used to decelerate the container as it
FIG. 3A is a plan view of the car shown in FIG. 2A.
falls. The lifting and shock absorber structure needed
FIG. 3B is a plan view of FIG. 2B.
for this purpose occupies the working area space and
FIG. 4 is a view taken on lines 4—4 of FIG. 2A; and
obstructs the movement of equipment used in the
FIG. 5 is a side view of the car position indicating
transfer process. Also, each assembly is moved to the 4 5 means shown in FIG. 4.
spent fuel area by a transfer car powered by an underDESCRIPTION OF THE PREFERRED
water air motor, sprocket and chain arrangement conEMBODIMENTS
nected to the car and the housing. Should the sprocket
and chain break or the motor become inoperative, the
Referring now to the drawings wherein like reference
canal thereafter must be drained of radioactive water 5 0 characters designate like or corresponding parts
to effect repair to the equipment.
throughout the several views, there is shown in FIG. 1
Underwater limit switches also used for signaling,
a plan view of a fuel handling building generally showcontrolling and interlocking various operations in the
ing the location of the reactor containment, fuel areas
system may become inoperable, and as bypass switches
and fuel handling facilities. The containment area 10
are then used to carry out the transfer operation, the 5 5 houses the nuclear reactor and associated equipment
protection afforded by the limit switches is lost and the
(not shown) all of which are enclosed in a thick walled
possibility then exists the fuel elements inadvertently
upstanding concrete cylinder 12. The fuel handling
could be damaged because of lack of adequate protecbuilding 14 contains storage facilities for both new fuel
tive systems.
assemblies 15 to be loaded into the reactor and spent
The above discussion illustrates that the disadvan- 6 0 fuel assemblies 16 which have been removed and are
tages inherent in prior systems suggests the need exists
awaiting shipment to a disposal area,
for an improved fiiel transfer system which will be less
Considering the new fuel assembly storage facilities
costly but more efficient to provide the reliability
and transfer system first, both new fiiel assemblies and
needed for nuclear reactor operations.
spent fuel assemblies are shipped to and from the reac65 tor site in a
C. , W M A D V n c - r u e t m u c m t i a w
railroad car 17. The fuel handling building
SUMMARY OF THE INVENTION
js e q u i p p e d w i t h a ro„ u p d o o r 1 8 w h i c h p e r m i t s
Briefly stated, the above disadvantages are elimirailroad car movement into the building on tracks 20.
nated byproviding a fuel assembly transfer arrangeUsually two fuel assemblies of the type disclosed above
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are shipped in one container 21 and each container is
removed to an upending and unloading area 22 where
the fuel assemblies are removed by an overhead crane
(not shown) and placed in a new fuel storage area 24
enclosed by walls 26 until ready for use. While in this
location, the fuel assemblies 15 are exposed to air circulating throughout the building since the fuel is in a
dormant state and does not emit harmful rays of radioactive energy. Also, depending on the loaded condition
of storage area 24, the containers 21 housing the fuel
assemblies may be stored temporarily alongside the
new fuel storage area, as shown. When it is desired to
move the new fuel assemblies from the storage area 24
into the reactor containment area 10, the overhead
crane separately lifts each fuel assembly from its storage space and moves in a horizontal direction to a fuel
elevator 28 where it is lowered to the bottom of the
elevator for transfer by the fuel transfer system disclosed herein into the reactor containment area 10.
After reactor operation takes place for a predetermined period of time, the fuel in the fuel assemblies
burns up thus requiring replacement of spent fuel with
fresh fuel in the new fuel assemblies. To remove the
spent fuel assemblies, the reactor missile shield, control
rod mechanisms, reactor head and associated components not shown are removed from the reactor to expose the fuel assemblies, all in a well known manner.
The containment area 10 housing the nuclear reactor is
then flooded with borated water and a crane vertically
lifts each assembly from the reactor and moves it into
position for lowering onto the fuel transfer system
shown in FIG. 2A through 5. In accordance with conventional practices, the fuel assemblies are transferred
from the reactor to the spent fuel storage area 30 in a
completely submerged condition, i.e., each fuel assembly is never exposed to the air and is always beneath the
surface of water during the transfer operation. As
shown in FIGS. 1 and 2, each fuel assembly is transferred through a flooded canal 31 and tube 32 which
extends through the containment vessel wall 12. The
assembly then is vertically lifted out of the transfer
system by a crane and deposited in the spent fuel storage area 30. Although the size of the spent fuel storage
area may vary, in one well known design, this storage
area accommodates approximately 264 fuel assemblies. When it is desired to remove the spent fuel assemblies from the spent fuel storage area an overhead
crane transfers each assembly to the cask loading pit
33. Depending on the design of cask, usually three or
four fuel assemblies are loaded into each cask 34 and
when the cask is sealed by a head, an overhead crane
moves the cask to the railroad car 18 for subsequent
removal to a disposal area.
Referring more specifically to the fuel transfer system disclosed in FIGS. 2A through 5 and which is located generally in the area designated 35 in FIG. 1, it
will be seen that the fuel handling building 14 includes
a concrete base 36 supporting a reinforced concrete
wall 38 which comprises one wall of a tank (not shown)
through which the fuel assemblies are moved. Wall 12
serves to separate the reactor containment area 10
from the fuel handling building 14. Each of these areas
10 and 14 are filled with water as indicated by the
water levels 40.
It will be understood that the reactor containment 10
normally is not filled with water but is filled only during
the fuel transfer process. Further, since spent fuel assemblies are radioactive it is necessary that they be
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transferred from the reactor containment 10 to the fuel
handling building 14 while in a completely submerged
condition and access between these two areas is therefore accomplished by means of tube 32 horizontally
located in the walls 12 and 38.
The fuel transfer system thus used for effecting transfer of the fuel assemblies back and forth between these
two areas, comprises a car 42 having a frame 44 supported on wheels 46 which ride on rails 48 supported
by stanchions 50 and a base 51 extending along the
complete length of the areas 10 and 14. FIG. 2A shows
the fuel transfer car 42 in the reactor containment 10.
Referring now to the specific arrangement used for
holding a fuel assembly on the car 42, a basket or container 52 is pivotally mounted on a pair of trunnions 54
disposed in openings 56 located on opposite sides of
the car frame 44, the arrangement being such that the
container freely moves between vertical and horizontal
positions as shown by the arc inscribed in FIG. 2A. To
achieve controlled rotary movement between these
positions, a hydraulic cylinder 58 supported by base 60
contains a piston and connecting rods 62 coupled to
brackets 64. A pair of arms 66 on opposite sides of the
car extend from brackets 64 to a second set of trunnions 53 attached to the base 51 so that upon movement of the piston to the right as shown in FIG. 2A,
forces transmitted through the linkages 62, 64 and 66
cause the container 52 to move from a vertical to horizontal position where it rests on the car surface. In the
past, the cylinder was pivoted at its bottom end on the
car and the possibility always existed that the assembly
might fall and release radioactive gases into the containment from fractured fuel elements. To minimize
the adverse effects which would flow from such an
accident, an elaborate shock absorber system previously was installed adjacent the fuel assembly handling
equipment. This disadvantage is eliminated in this invention by pivoting the container 52 at its center thus
eliminating the need for the shock absorber system,
Since the gravity forces on the opposite sides of the
container are substantially balanced, a hydraulic system of minimum size can effectively swing the container between the horizontal and vertical positions. As
an added precaution, the hydraulic cylinder 58 is
equipped with an internal port which limits the flow of
fluid from the piston side thus assuring that the container will rotate at only a predetermined speed artd
softly come to rest on the car surface.
As indicated above, the reactor containment is
flooded only when a fuel assembly replacement operation is taking place. The structural arrangement for
selectively flooding the reactor compartment includes
a transfer conduit 68 permanently located inside tube
32. A valve 70 on the end of conduit 68 serves to seal
it from water in the fuel building. The valve is operated
between open and closed positions by a motor or handwheel 72 mounted on operating deck 74 and is connected to the valve 70 through a wall mounted valve
stem 76 which actuates it between open and closed
positions. The other end of transfer conduit 68 is designed to accept a blank flange 71 which seals the reactor side ofthe conduit. When the reactor compartment
is dry and the reactor operating, blank flange 71 is
sealed on the end of the conduit. At the time of reactor
refueling or for other reasons, blank flange 71 is removed, valve 70 opened and water then flows from
tank 14 through the conduit 68 to fill reactor compartment 10.
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It will be apparent that since transfer conduit 68 must
supported on base 126 and located between track 48
be susceptible to being sealed, the transfer mechanism
and tank wall 128. A ferritic actuator 130 permanently
used for moving car 42 through the transfer conduit
attached to car 42 and ferritic actuators 132 and 134
must be removable from the conduit to permit unremounted on container 52 are located to move into
5
stricted operation of the valve between open and
alignment with switches 118, 120 and 122. When the
closed positions. The transfer mechanism therefore is
car moves to a desired point near its extreme ends of
designed to have a long pusher arm 80 hinged by pin 82
travel, ferritic actuator 130 passes close to switch 118
at one end to the car while the other end is connected
which closes a circuit to a light indicator on operating
to roller chain 84 which effects lateral movement of car
deck 74. Likewise, when the container is in a vertical or
42 through the tube. This mechanism design is such 1 0 horizontal position, ferritic actuators 132 and 134 close
that the chain movement acts on the pusher arm to
switches 120 and 122 respectively to also visually indimove car 42 between its initial position in FIG. 2B to
cate container position from the deck 74.
the full line position shown at the left side of FIG. 2A.
Since it is desirable to remove and replace these
Movement of car 42 on rails 48 through transfer
switches as a unit or without having to drain the tank,
conduit 68 is accomplished by a pair of endless roller 1 5 a long conduit 136 attached to wall 128 by brackets
chains 84 on opposite sides of the base which revolve
138 contains conductors leading from junction box 140
around sprockets 86 and 88 attached to opposite sides
to the switches mounted on bracket 124. The conduit
of the base and on the opposite ends of the base 48.
and bracket 124 are rigidly attached to each other
Both chains have a coupler 90 and both couplers are
thereby permitting removal without having to break
attached to an end 92 of the pusher arm so that as the 2 0 any electrical connections. In order to accurately lochain laterally moves in either direction, the pusher
cate the switches 118, 120 and 122 in position on the
arm and connected car 42 move in unison therewith
base 126, bracket 124 contains a pair of openings comthus effecting car movement between the reactor conplementary in size to a pair of dowels 142 on bracket
tainment 10 and the fuel handling building 14. To
126. When the bracket, conduit and switches are lowachieve movement of the chains, a commercially avail- 2 5 ered into position near the base as a unit, the dowels fit
able reversible motor 94 having a reducer brake and
into the bracket complementary openings thus assuring
overload torque limiter therein is mounted on the opercorrect alignment of the switches and actuators.
ating floor 74 of the fuel handling building. A drive
Since it is necessary to have the same equipment and
shaft 96 connected through flexible coupling 98 to
signalling devices in the fuel handling building to detect
motor 94, and through a similar flexible coupling 100 3 0 car and fuel assembly container positions, the dotted
to the drive sprocket 102, serves to transmit power to
lines in FIG. 2B show the outline of these components
the roller chains for moving the car 42 in the desired
which perform the same function.
direction. A shaft support and guide 104 secured to a
In the event of electrical power failure during the
wall adjacent wall 38 imparts stability to the shaft durtime
the car 42 is in reactor containment 10 or in the
ing operation. The drive sprocket 102 is mounted in a 3 5 canal or tube 32, it may be necessary to remove the car
miter box 106 which further supports a pair of idler
by an emergency retraction mechanism. This mechapulleys 108 also mounted on the miter box structure. It
nism includes an emergency pull out cable 110 which is
will be apparent that when the motor 94 is energized,
wrapped around an end of sprocket 89 and is conthe drive shaft 96 is driven at a predetermined speed
nected to a clevis 91 which in turn connects to a shear
and this rotary force is transmitted to the drive 40 pin 94 mounted on the base 51 near valve 70. The end
sprocket which effects movement of the roller chains in
of pusher arm 80 is equipped with a clearance hole
either direction depending on whether the car 42 is to
which permits the cable to easily pass therethrough but
be moved from the fuel handling building 14 into the
not the clevis. To remove car 42 from the reactor conreactor containment 10 or vice versa.
tainment, cable 112 is pulled upwardly causing the
Since the fuel transfer operation is conducted from 4 5 shear pin to fail. The cable then passes through the
clearance hole on pusher arm 80 until the clevis
the operating deck, it generally is not possible to detercontacts and wedges itself securely in the pusher arm.
mine when the drive motor should be deenergized to
Further upward movement of cable 112 will therefore
stop the car in a precise position for fuel assembly
pull the car 42 through conduit 61 into fuel building 14.
loading and unloading. The water in the tank may be
murky which obscures visual observation of the car 5 0
Although the control systems as such used for conposition. It also is not possible to determine whether
trolling operation and movement of car 42 do not comthe fuel assembly container 52 is in a vertical or horiprise a part of this invention, it is obvious that approprizontal position. In the past, limit switches have been
ate and conventional electrical control and hydraulic
used for this purpose and as described above, when the
power mechanisms are needed for effecting overall
switches become defective, it is necessary to com- 5 5 control of the system. As in usual constructions, these
pletely drain the tank to effect the necessary repairs
control systems are located in operating panels 114 and
and switch replacement.
116 located on the main operating floor 74.
To overcome these problems, this invention includes
OPERATION
structure for replacing such switches from the operat6
In operation, when it is desired to remove fuel asseming deck 74 thus eliminating the need to drain the tank. 0
blies from a nuclear reactor located in reactor containAs illustrated in FIGS. 4 and 5, the car 42 is moved
ment 10, blank flange 71 is removed and the missile
linearly by wheels 46 on track 48. To detect the posishield, control mechanisms and reactor head are lifted
tion at which car 42 should be stopped when container
from the reactor pressure vessel and the reactor con52 is vertically or horizontally oriented, proximity
switches are used which close circuits to appropriate 6 5 tainment 10 is flooded with borated water to a level
indicated by the reference character 40. At this time,
signal lights mounted on panel boards 114 and 116 and
water is at the same level in a tank in the fuel handling
motor 94 on the operating deck. The switches 118,120
building 14. After the reactor containment 10 is
and 122 are mounted on a bracket 124 removably
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flooded, handwheel 72 is operated to open valve 70
the fuel container and transfers it to the reactor. When
mounted on an end of the transfer conduit 68 thus
this operation is complete the car 42 is returned to the
fuel handling building 14, valve 70 closed, blank flange
establishing communication between these two com71 replaced and the reactor containment 10 drained of
partments. Motor 94 is energized with power being
transmitted through the drive shaft 96 and the drive 5 water in order to permit subsequent operation of the
reactor.
sprocket 102 to the roller chains 84. Car 42 is initially
located in the fuel handling building 14 and the end of
In view of the above it will be apparent that many
the pusher rod 80 opposite from car 42 is positioned
modifications and variations are possible in light of the
adjacent sprocket 88. The chains are directly coupled
above teachings. It therefore is to be understood that
to the pusher rod, and as the chains are moved linearly 1 0 within the scope of the appended claims, the invention
by motor 94, the pusher rod moves in unison with chain
may be practiced other than as specifically described.
linear travel and the attached car therefore moves
We claim:
through transfer tube 68 into the position shown on the
1. A system for transferring fuel assemblies between
left side of FIG. 2A.
a fuel handling building and a nuclear reactor wherein
The hydraulic apparatus is then actuated to cause the 15 the fuel handling building includes new and spent fuel
piston in cylinder 58 to be pulled into the cylinder and
pits and an operating deck on the top surface of walls
thus change the position of fuel assembly container 52
forming said pits, a reactor containment area separated
from a horizontal to a vertical position. At this time, the
from said building by a containment wall, and a canal
mechanism is in a position to receive a fuel assembly
adapted to be filled with water extending from said pits
which will have been removed from the nuclear reactor 2 0 to the reactor containment area to permit submerged
by an overhead crane in the usual manner. Upon demovement of the fuel assemblies between the building
positing the fuel assembly in fuel container 52, power
and the nuclear reactor comprising:
to the hydraulic mechanism is reversed and the piston
said canal being arranged to extend through said wall
moves outwardly and to the right as shown in FIG. 2A
and a valve mounted therein for selectively estabthereby causing the container to assume a horizontal 2 5
lishing communication between said building and
position on car 42. The system is thus prepared to
containment area;
transfer car 42 and its fuel assembly from reactor coma base supporting rails which extend from the buildpartment 10 to the fuel handling building. As motor 94
ing through the canal into the containment area;
is energized, the roller chains rotate and pull the pusher
a car on said rails and means connected with the car
rod 80 with its connected car 42 outwardly through the 3 0
for providing car linear movement between the fuel
fuel transfer conduit into fuel handling building 14. As
handling building and containment area;
the pusher rod nears the end of its length of travel, an
a fuel assembly handling container rotatably
end of the rod engages the stop which halts pusher rod
mounted at its midpoint on said car;
and car movement and thus exerts a torque on the car
first
and second power actuating means respectively
transmission train which is reflected in the power con- 3 5
mounted on the base in the fuel handling building
sumption of the motor. As this occurs, the overload
and the containment area, each of said actuating
torque limiter in the motor acts to open the power
means including a reciprocable arm associated
supply lines to the motor 94 and the system movement
with the container for rotating it between vertical
then comes to a halt.
and horizontal positions;
thereby permitting loading and unloading of a fuel
To remove a fuel assembly from the container the 4 0
assembly therein and facilitating movement of the
hydraulic mechanism is again actuated to cause the
car through the canal;
piston and lifting arm to be moved to the left thus
car position indicating means for determining the
changing the position of the fuel container 52 from a
position of said car in the fuel building and in said
horizontal to a vertical direction. At this stage in the
containment area, said position indicating means
fuel transfer system, an overhead crane then removes 4 5
including car position indicators on said operating
the fuel assembly, while still submerged in water,
deck connected with switches mounted on said
through canal 118 (FIG. 1) into the spent fuel storage
base and at locations where said car is to be
area 30. As indicated above, spent fuel assemblies from
stopped at its extreme ends of travel; and
the storage area 30 are moved while submerged
through canal 118 and 120 to a cask loading pit 33 50 an actuator on said car which cooperates with said
switches connected to said car position indicators
where a number of assemblies are loaded into a single
to thereby show on the operating deck the position
cask which then is transferred by an overhead crane to
of said car; said car position indicating means furthe railroad car 18 for final disposition.
ther includes actuators on said container and
To supply new fuel assemblies to the reactor, an
switches on said base adapted by said actuators to
overhead crane moves each assembly from the new fuel 5 5
show the vertical and horizontal orientation of said
storage area 24 to the fuel handling building 14 where
container.
it is placed in the fuel elevator. The elevator lowers the
2. The fuel transfer system according to claim 1,
fresh fuel assembly to about the same level as car 42.
wherein the means connected with said car for impartThe fuel assembly is then lifted out of the elevator and
placed in fuel container 52 by means of an overhead 6 0 ing linear movement thereto comprises power driving
means mounted on said operating deck; and a mechanicrane. The hydraulic mechanism is then actuated to
cal drive means interconnecting said driving means
move the fuel container from a vertical to horizontal
with said car for moving said car on said rails.
position, motor 94 is energized to impart force to the
roller chains and the pusher mechanism 80 pushes car
3. The fuel transfer system according to claim 2
42 through the transfer conduit 68 into the reactor 6 5 wherein said switches in the car position indicating
containment 10. The position of the fuel container is
means comprise proximity switches adapted to be
then changed to a vertical position, and an overhead
closed by the actuators respectively mounted on said
crane lifts the fuel assembly from its stored position in
car and container;
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a conduit connected to a bracket supporting said
means extending longitudinally outward from said
car and in alignment with said rails; and
proximity switches, said conduit serving as an avemeans connecting each of said chains to said means
nue for conductors interconnecting said switches
extending outwardly from said car so that upon
with light indicators on the operating deck; and
energization of said motor, the force transmitting
said conduit, bracket and switches being removably
means causes said chains to move said car between
mounted on said base and retractable therefrom as
the containment area and said fuel handling builda single unit from the operating deck.
ing.
4. The fuel transfer system according to claim 1,
5. The fuel handling system according to claim 4,
wherein said means connected with the car for impart- 10
wherein said motor includes an overload torque limiter;
ing linear movement thereto comprises an electric
and
motor mounted on said operating deck;
stop means on each end of said rails engageable by
a drive shaft interconnecting said motor with force
said means extending longitudinally outward from
transmitting means mounted on said base adjacent
said car so so that when said last-named means
said rails;
15
engages said stop means, the overload torque lima pair of roller chains on opposite sides of said rails
iter shuts off the power supply to said motor.
and mounted for movement along said rails;
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