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ABSTRACT

A fuel handling system has been developed from concepts based on design

studies of organic moderated reactor systems. Several methods of handling

fuel elements and control rods were designed and evaluated. This report

describes the features of several systems which were rejected as inadequate,

and the evaluation of a design leading to the construction of a prototype cask

and its associated equipment. The principle features of the prototype system

are described, and a typical fuel-handling operational sequence is given.

Because this is an interim report, the results of the development and testing

program are not available.
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I. INTRODUCTION

Atomics International is conducting a research and development program

on organic moderated reactors for the Atomic Energy Commission. The

objective of this program is to achieve optimum design of an organic moderated

power reactor of 12.5 Mwe capacity which is proposed for construction in

Piqua, Ohio. This interim report covers one phase of the development program;

namely, the development and testing of equipment and of methods for safe

handling of reactor core components, particularly fuel elements and control

rods. Included in the general program are the selection and testing of seals,

gaskets, and shaft packing materials suitable for use with the polyphenyls

employed as moderator and coolant. During the course of the development

program, information on these latter items was gained from operation of the

OMRE, and further experimental work has been temporarily discontinued.
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II. DESIGN CONSIDERATIONS

A major design criterion for this fuel handling system has been personnel

safety. Next in importance are the general design goals of simplicity, operational

dependability, and minimum maintenance. Further requirements previously

determined and successfully met by the chosen prototype system are:

1) Personnel must have ready access to the handling mechanism at

all times during a reactor shutdown.

2) This handling equipment must be able to withdraw an irradiated

fuel element square in cross section, from the core; as well as to

place a new or reprocessed element in the core.

3) The total elapsed time for replacing a fuel element should be as short

as possible, consistent with safe and reliable practice.

4) The equipment should also be able to withdraw an irradiated control/

safety rod from the core; but need not be able to place a new rod in

the core, since this can be done with the building crane, and without

shielding.

5) The arrangement of the tank top and the top shield during a fuel

handling operation should secure the maintenance of complete

atmospheric control over the core.

6) A minimum of organic fluid surface should be exposed to the reactor

room at any time.

7) Except for removal of the tank head and for replacement of the tank

head gasket, personnel should not be expected to do routine work

over the open reactor tank.

8) The tank head gasket and hold down bolts should be readily accessible.

9) Adequate cooled storage should be provided for a full reactor loading

of fuel elements, plus 20 percent spares.

At the beginning of the program, the control of organic vapors, involved by

items 5), 6), and 7), gave serious concern. But operating experience at the

OMRE proved that exhaustion of the vapors from the core tank was not difficult.
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Also, mechanics have worked for extended periods over the open OMRE tank,

with the organic fluid at a temperature of 2750F, without sustaining deleterious

effects. The fuel handling system described here has none-the-less been

designed with a gasket for vapor control during periods when the tank is open.

The feasibility of sealing the vapors will be tested, and this method compared

with the exhaust blower method now in use at the OMRE.

Calculations have been made to determine the rate of temperature rise of

an irradiated fuel element in a cask when uncooled. Results show that the

element temperature remains below 800 F, which is considered a safe maximum,

for a period of from 12 to 15 min. The design of the system is such that the

entire handling sequence will be completed within that period. Therefore no

cooling is provided for the cask, except for an emergency spray, to be used

if malfunction delays the transfer operation.

9
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III. SYSTEMS FOR FUEL HANDLING

Several fuel handling concepts were drawn up in layouts which permitted

study of the various component arrangements involved. Thorough evaluation of

each concept was made. Some of the "rejects" are here discussed.

A. ROTATING CONCRETE SHIELD

The design study of the fuel handling system, illustrated in Figure 1,

considered the use of a rotating concrete biological shield large enough to cover

both the reactor tank and the spent fuel storage canal. One quadrant of this

shield contained and supported extension tools with which the reactor tank head

bolts could be removed. A listing column was also mounted centrally in this

area, and was designed to lift the reactor tank head into a recess on the lower

side of the top shield. In the diametrically opposite quadrant an array of reach

rods was mounted in a smaller eccentric rotating plug for use in undershield

fuel handling.

During a reactor shutdown the tank top was designed to be removed and

hoisted into the recess in the shield, whereupon the shield would be rotated into

position for removal of fuel rods from the core. After elements had been

removed from the core, the shield would again be rotated through 180* and the

spent elements discharged into a storage canal. New fuel would be picked up

from a separate storage rack, the top shield rotated again, and the new fuel

placed in the core.

This scheme was abandoned because of the undesirably large size of the

top shield, involving a weight of 200 tons; the anticipated difficulties in maintaining

the close tolerances required; and the difficulty of replacing the tank head

gasket.

B. GAS-TIGHT SHIELDED ROOM

1. Mobile Fuel Cask

The fuel system, illustrated in Figure Za, consisted of a gas-tight,

shielded room, just large enough to contain a mobile fuel cask. This cask was

supported by a floor-mounted bridge and trolley, to provide motion over the
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core and over the new and spent fuel storage area. In this sytem, the top

biological shield was designed to be inside the reactor tank, just under the tank

top.

During a fuel change, the tank head and top shield were to be stored in

a small alcove on one side of the room. The control of the fuel cask operation

was designed to be remote, with its operation viewed through shielding windows.

The reactor tank would remain open to the gas-tight room throughout the fuel

change.

2. Storage Pool Variation

A variation of this plan, as shown in Figure 2b, was the use of a

storage pool for fuel elements. A small channel of this pool extended inside the

gas-tight room, so that spent elements could be deposited directly into the pool

by the cask. These could then be removed on a cart to the larger portion of

the pool for storage or other handling operations, in preparation for reprocessing.

Neither of these systems was used, primarily because of the cask's

inaccessibility in the event of malfunction.

C. HIGH ORGANIC FLUID LEVEL

A third system of fuel changing shown in Figure 3 provided for a raised

level of organic fluid above the usual operating level. During a fuel change the

additional organic fluid would be supplied from a reserve tank (not shown). By

removing a port between the core tank and the storage pool, a spent element

could be transferred from the core to storage without leaving the organic fluid.

This would eliminate any need for fuel element cooling during transfer. The

higher organic level also would provide additional shielding during operation, and

would reduce the thickness of the top biological shield required during afuel change.

This system is seen as only a variation of the storage pool plan. Several

undesirable features such as the much larger tank head needed for this design,

the increased storage capacity required for the extra material, and the mixing

of the core tank and storage pool fluids, caused this proposed system to be

discarded.
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D. MOVABLE SHIELDING PLATFORM

Another scheme, shown in Figure 4, involved the use of a movable concrete

shielding platform. The fuel cask was to be carried by rails mounted on one

end of the platform, and the fuel grapple would have access to the core through

a slot in the platform. On the lower side of the other end of the platform was a

recess into which the reactor tank head could be listed by a hoist mounted on

top of the shield. A branch of the storage pool immediately adjoined the core.

The platform was proportioned so as to shield operating personnel during a

fuel change.

Control of organic vapors coming from the open core tank was to be

accomplished by exhaust ducts imbedded in the floor, and with openings around

the periphery of the tank top. An exhaust flow to these ducts would force room

air under the platform, in addition to removing vapors from the open tank.

Such an arrangement was expected to eliminate the diffusion of organic vapors

into the reactor room.

Anticipated difficulties in accurate indexing or positioning of this large

shield, however, and the cumbersome nature of the system, eliminated this

scheme from further consideration.
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IV. THE CHOSEN PROTOTYPE SYSTEM

A. GENERAL FUNCTIONING

The fuel handling system finally chosen for development and test is

described in detail in this section. The principal components being constructed

for test and development include reactor core tank head, top shield, fuel handling

cask, and cask carriage. Figures 5 and 6 illustrate these components. Fuel

elements are removed from the core into the cask, which is supported by a

carriage that moves on rails recessed in the floor on each side of the reactor.

Precise positioning is provided for each core location, as well as in the spent

and new fuel storage areas. Fuel elements are placed in and removed from the

core by a latching assembly which enters the core tank through ports in the top

shield and in the core tank head. Control rods are handled by adding to the cask

an extension which provides the greater length needed.

B. REACTOR CORE TANK HEAD ASSEMBLY

The core tank head is a flat steel plate, 4 in. thick, 72 in. in diameter,

and contains a single oblong plug or port 10 in. by 36 in., extending radially

out from the center. Figure 7 shows this assembly in cross section.

C. TOP SHIELD ASSEMBLY

The top shield assembly consists of the top shield, a shielding port plug,

a sliding port shield, and a large diameter ballbearing on which the shield

rotates. Thermal insulation is mounted on the shield's lower side. The top

shield is 108 in. in diameter, and contains an oblong port 18 in. wide and 44 in.

long, extending radially outward from the center. The outer edge of the shield

is supported by a large ballbearing on which shield and reactor tank head rotate

for positioning before a fuel handling operation. The entire assembly is rotated

by a hand driven gear system. A gas seal is employed between a lip on the

outer periphery of the top shield and the core cavity liner, to limit the escape

of vapors from the core tank.

The sliding port shield assembly, used to reduce the size of opening into the

core tank during fuel handling, consists of a shield 2 ft wide, 6.5 ft long, and

18
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8 in. thick, which slides over the top shield port on guides mounted on the top

shield. The top of the sliding port shield is shaped to mate with the cask skirt.

Near the center of this shield is a circular port about 10 in. in diameter. A

sliding gate is used to close the port in the sliding port cover when the assembly

is not covered by the fuel handling cask. The sliding port cover and gate are

designed to minimize vapor leakage from the core tank.

In preparation for a fuel handling operation: a) the flange bolts which

fasten the head to the core tank are removed; b) the oblong port is removed;

c) the tank top is raised approximately 0.5 in. by tightening the nuts on three

lifting bolts which are fixed to lugs on the periphery of the head, and which

extend through the top shield; d) the tank top and the top shield are then rotated

until properly positioned.

D. FUEL HANDLING CASK

The fuel handling cask is a vertically mounted, lead- shielded assembly

which contains the irradiated fuel elements while they are being transferred from

the reactor core to the irradiated fuel storage canal. The cask has a central

cavity 8 in. square in cross section, an annular lead shield 10 in. thick, and

an outer steel facing which is 33 in. in diameter. The upper end of the inner

liner contains a 6-in, thick plug, the lower end being fitted with a sliding shield

of the same thickness.

At the bottom of the cask, a movable lead skirt provides shielding while

radioactive materials are being transferred. The skirt is lowered to mate

with the sliding port cover when the cask is in position to receive an element

from the core. A guide tube which is square in cross section is used inside

the cask to maintain proper angular orientation of the fuel element.

The cask is equipped so that the shielded cavity may be filled with water.

This feature is a precaution to prevent overheating of the fuel element if some

malfunction causes a delay in the handling routine, thus requiring that a fuel

element be held in the cask for an extended time.

A shielded extension, for removing control rods from the core, is attached

to the top of the coffin. During such handling the square guide tube in the main

body of the cask is removed.
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Fuel elements are placed in and removed from the reactor core by a

latching and hoisting assembly which is actuated by a drive system mounted on

top of the cask. The latching assembly fits into a fixture on the top of the fuel

element. The latching and hoisting assembly is held in proper orientation by

the guide tube in the cask, and by a square guide tube which is lowered into the

selected fuel element position prior to positioning the cask.

The latching assembly, shown in Figure 8, is raised and lowered by two

steel tapes. A third steel tape is used to actuate the latch. The tapes are

wound on coaxial drums. When it is desired to release a load, the drum for

the latch actuating tape can be rotated through a few degrees with respect to

the other drum. The force for this action, as well as that required to keep the

third tape taut, is supplied by a torque motor.

The hoist drum is driven by a variable speed motor and reduction gear,

resulting in latch hoisting velocities of from 0 to 21 fpm. Lowering of the latch

assembly is by gravity, but is restricted to the same speed range. In event of

a power failure, the hoist drive may be actuated in either direction by the use

of a hand crank affixed to an auxiliary shaft in the gear reducer.

A load cell is mounted in physical connection with each hoisting tape.

During any handling operation, the load on the latch can be read continuously.

Also, should one tape break, the resulting unequal loads on the two tapes would

be immediately shown on the load indicators. A selsyn mounted on an auxiliary

shaft of the hoist drum drive gives a continuous position reading.

E. CASK CARRIAGE

The fuel handling cask, its associated fuel element handling mechanisms,

and the movable guide tube hoist, are all mounted on a cross-traversing trolley,

which in turn is supported by the fuel handling cask carriage. This carriage

travels on rails in the reactor room floor, and can be positioned so as to place

the centerline of the cask above the centerline of any core position. The carriage

is positioned by dropping a pin into a particular north-south locating hole

corresponding to the same north-south line of the specific fuel element. The

same procedure is followed in positioning the trolley in a particular east-west

line of the specific fuel element. The carriage built for the test program is

moved by hand, by means of a reduction gear and chain drive.
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The operator's platform is also mounted on the trolley portion of the cask

carriage. All controls for the hoist assembly, load indicators, position indicator,

control switches and interlocks are mounted on the operator's control panel.

All necessary electrical gear is mounted in a cabinet behind the control panel.

In the reactor plant, irradiated fuel elements and other radioactive

assemblies are stored in a water-filled canal, one end of which extends into the

reactor room between the cask carriage rails. Single fuel elements are lowered

from the cask into a small mobile rack at the bottom of the canal. The rack

is then moved into the storage area where the element is transferred manually

to a storage rack, remaining there during the time necessary for decay of

after-glow heat.

A dry pit, to be provided for storage of new fuel elements, will be located

between the carriage rails. The handling cask may be positioned either over

the canal position or over the new fuel racks, in the same manner as positioning

is done over the reactor.
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V. STEPS IN FUEL HANDLING CYCLE

The function of the fuel handling system, and the role of each principal

component, are indicated by the operations required to remove and replace a

fuel element. This procedure will normally begin about two hours after reactor

shutdown, when reactor and coolant temperatures have been reduced to about

3000 F, and when the organic liquid level in the core tank has been lowered

3 or 4 ft from the tank top.

A complete fuel handling cycle directs that the following steps be taken:

1) Remove the top shield with reactor area crane.

2) Remove the nuts from the bolts of the outer flange of the core tank

head; and remove the bolts from the tank head port plug.

3) Replace the top shield, alining the ports in the tank head and top shield.

4) Tighten the nuts on the lifting bolts to lift the tank head so that it is

supported by the top shield, and is also clear of the core tank.

5) With the reactor area crane, remove the port shield plug from the

top shield, and remove the port plug from the tank head.

6) Slide the sliding port shield assembly over the slot in the top shield,

and remove the plug from the port shield.

7) Rotate the top shield and move the sliding port shield to the proper

index positions, so that the fuel element can be removed.

8) Lower the guide tube into the core tank.

9) Locate the cask carriage and its trolley over the same

element position.

10) Lower the cask skirt onto the sliding port.

11) Open the sliding shield door in the bottom of the cask; open the port

cover gate, then lower the fuel element latching assembly so as to

engage the fuel element.

12) Raise the fuel element into the cask, then close both the port cover

gate and the cask sliding shield door.

27



13) Raise the cask skirt.

14) Move the cask carriage to a position over the spent fuel element

rack in the irradiated fuel canal.

15) Open the cask sliding shield door, lower the fuel element into the

canal, and release the fuel element.

16) Retract the latching assembly and move the cask carriage either to

the new fuel storage area to receive a new fuel element, or to

a position over another spent fuel element in the reactor.

Another typical operation includes moving a fuel element from one position

in the core to another by steps 7 through 13, then relocating the cask over the

new position and lowering the fuel element.

The fuel handling system is used to remove control rod assemblies from

the reactor by a procedure similar to that used in removing a fuel element. The

extension assembly is added to the top of the fuel cask to accommodate the added

length of the control rod. In preparing to lift the control rod, it is necessary to

remove the cote tank head and the upper guide grid, to disconnect the cables,

and to attach the fuel element adapter to the top of the control assembly. After

removal, the control rod may be placed either in a servicing thimble, if repair

or inspection of the drive assembly is anticipated, or in the irradiated fuel

canal.
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VI. TESTING OF FUEL HANDLING SYSTEM

A. TEST EQUIPMENT

A facility has been designed and constructed especially to test the fuel

handling system just described. The test structure, shown in Figure 9, is a

steel tower 15 ft by 45 ft in plan, with a working level 28 ft above ground, which

represents the reactor floor level. A 5-ton crane, high enough to handle the

top shield mock-up, is mounted above this level.

Full size mock-ups in steel of the cask, cask carriage (Figure 10), top

shield (Figure 11), sliding port cover, reactor core tank head, a very short

length of the upper end of the core tank, a fuel element, and a control rod are

all being built for the tests. The upper portion of the core tank and the top

shield liner are incorporated into one assembly, which will be mounted from

the working platform of the test structure. A prototype top guide grid will be

built and installed in the tank section. No lead will be used in any of these

assemblies. A single channel storage cell will be used to mock-up both the new

fuel storage pits and the spent fuel canal.

B. FIRST TEST SERIES

The first series of tests will comprise use of the equipment to insert and

remove dummy fuel element in air, from the simulated core grid structure of

the reactor. This will require the performance of a complete routine as outlined

in the 16-step procedure previously stated. Such a sequence of steps will result

in: 1) complete test of the fuel handling cask and the carriage; 2) thorough

checkout of positioning systems of the top shield, sliding port cover, and cask

carriage trolley; 3) handling of the portable guide tube, and determination of

any problems caused by its use; 4) employment of the latching assembly and

the hoisting mechanism.

C. SECOND TEST SERIES

For the second series of tests, involving the use of hot organic fluid, a

lower blind flange will be mounted on the reactor core tank mock-up. To this

mock-up will be attached a 22-ft section of 8-in. pipe, containing a single grid

position for the dummy fuel element. The 8-in. pipe will be connected to a
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dump tank from which it can be filled with molten Santowax R. * A complete

series of tests will then be made, to determine the ease with which the dummy

fuel element is placed in and removed from the hot organic fluid, including

transfer to the water filled storage tank.

To date of writing this report, the only testing done has been initial work

with latches. Two different models have been built and tested in hot organic

fluid. One of these, chosen for use in the latch assembly, was fitted with tapes

mounted on a simple drum. The latch was raised and lowered through a 22-ft

distance-its normal travel-to determine how much it would tend to twist.

The latch was dipped into hot organic fluid, whereupon the third tape which

actuates the latch fingers was moved. It was found that the operation of the latch

was acceptable, although increase of several pin clearances was required.

*A Monsanto Chemical Co. product
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VII. TESTING OF SEALS AND PACKINGS

An adjunct to the fuel handling program is the testing of gaskets and seals

to determine those acceptable for organic chemical service, especially when

considering large diameter gaskets needed for the reactor tank head. A simple

test apparatus was built, as shown in Figure 12, and tests were made of materials

for use on small diameter flanges, and on several types of shaft seals. Reports

on tests of the large diameter seals will be included with reports on the fuel

handling tests involving hot Santowax R.

In the test apparatus used, two tanks, one for polyphenyl storage and the

other for expansion, were connected by 1/2-in. piping fitted with both flanged

and screwed connections. The test arrangements were such that one tank, with

its two valves and connections, was in the vapor region only; and the other tank,

with its two valves and connections, was in the liquid region only. The storage

tank also contained a flange of stuffing box type, used to test shaft packings. A

stub shaft, 3/4 in. in diameter, and protruding into the tank, was motor driven

at 1750 rpm. The apparatus was instrumented for proper determination of test

conditions. Helium was introduced to the surge tank to attain pressures in

excess of the organic vapor pressure.

Five commercial packings, four of which were different arrangements of

aluminum foil and asbestos impregnated with lubricants, were tested as valve

stem packings. The fifth packing style consisted of asbestos interwined with

Inconel wire. All of these sealed well against diphenyl at 6200F and 175 psig.

The valves were open and closed each 0.5 hr during a 100-hr testing period.

These same materials were used as flange gaskets, and proved acceptable.

Sheet aluminum, also tested as a flange gasket material, was satisfactory only

when used with either of two commercial gasket compounds, "Thread Guard"*

or "Jet Lube. t"

Mechanical face seals were used for test application of the shaft stuffing

box, this being done concurrently with the other tests. The first seal was a

graphite faced, teflon backed seal with a spring- retained pressure plate. The

*John Crane Packing Co., Morton Grove, Ill.

tJet Lube, Inc., Burbank, Calif.

34



DANGER
H//lll TAGE

Figure 12. Seal and Gasket Test Rig

j

L1n~ fI
a

1~

w,

(7'
K)

Eu

a



graphite ring in this seal shattered, thus causing sudden failure of the seal after

operating 49 hr at 150 psig and 6200F. The manufacturer indicated that this

type of failure is caused by overheating of the graphite face, with sudden local

vaporization of the fluid being sealed.

A second mechanical seal having a graphite face and incorporating a

hydraulic balancing feature was installed. The balancing fixture maintains a

constant pressure on the face seal regardless of system pressure. This seal

functioned very well at 175 psig and 620 F, although the total operating time

was limited to a very short test run.

Work on the gasket and seals phase of the program has been postponed until

evaluation is completed of the experience being gained on the OMRE. Soft copper

gaskets have proven reliable for use on core tank head joints, and soft iron

gaskets have been satisfactory for pipe flange use on the OMRE. Several

different types of mechanical face seals have been used, and one new type has

been installed for testing as a part of this particular development program. The

direction of effort in the future on the testing of seals and gaskets is not yet

determined.
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Viii. CONCLUSION

This interim report does not, of course, provide a complete or specific

list of recommendations. It does appear, however, that the prototype design

chosen for fuel handling fulfills all stipulated requirements for such a system,

and is a practicable arrangement.
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