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REFUELING SYSTEM FOR THE GAS-COOLED FAST BREEDER REACTOR* 

B. C. Hawke 
General Atomic Company 
San Diego, California 

ABSTRACT 

Criteria specifically related to the handling of Gas-Cooled Fast 

Breeder Reactor (GCFR) fuel are briefly reviewed, and the most significant 

requirements with which the refueling system must comply are discussed. 

Each component of the refueling system is identified, and a functional 

description of the fuel handling machine is presented. An illustrated 

operating sequence describing the various functions involved in a typical 

refueling cycle is presented. The design status of components and 

subsystems selected for conceptual development is reviewed, and anticipated 

refueling time frames are given. 

INTRODUCTION 

The current reference design for the GCFR features an upward primary 

coolant flow through the core with the fuel, blanket, and shield assemblies 

supported at their bases by a grid plate. Refueling is therefore performed 

upward through penetrations in the top head of the prestressed concrete 

reactor vessel (PCRV), each penetration serving a region of seven core 

assemblies. In this respect there is some similarity to the fuel handling 

system developed for the High-Temperature Gas-Cooled Reactor (HTGR). 

However, two fundamentally different conditions significantly affect the 

design of the GCFR system. 

First, the GCFR core assemblies weigh considerably more and are many 

times longer than those for the HTGR. Second, in the case of the GCFR it is 

*Work supported by the Department of Energy, Contract 
DE-AT03-76SF71023. 
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essential to remove decay heat from spent fuel assemblies immediately 

following detachment from the grid plate and throughout passage of the 

assemblies to the storage facility. The storage facility in this case is a 

pool of water which serves both to remove decay heat and provide the 

required shielding capability. 

The primary need for removing decay heat is, of course, to avoid 

approaching critical temperatures in the fuel duct. From a fuel handling 

standpoint, however, the need is to maintain an even lower temperature in 

order to protect equipment and components in close proximity to the fuel 

assembly. 

While safety, reliability, and maintainability are of primary 

importance in the design of a fuel handling system, the impact of the time 

taken to perform a refueling function as it affects plant availability must 

have a significant bearing on the system selected. Plant availability may 

not appear to be particularly important for a demonstration plant, but by 

implication the system should be scalable to and compatible with the 

requirements for a commercial size plant in order to demonstrate the 

feasibility of compliance with overall plant availability goals. 

Several alternate concepts were developed to varying degrees during the 

course of upf1ow/downf1ow studies performed a year or so ago. The reference 

design described in this paper was selected primarily because it provides a 

relatively "straight shot" approach to the fuel assemblies through 

penetrations in the top head of the PCRV. In this way, both handling of 

assemblies and routing of coolant to an assembly become relatively 

straightforward. 

DESIGN REQUIREMENTS 

During refueling of a GCFR, it is important to restrict the ingress of 

air into the primary coolant to a value which can be adequately handled by 
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the purification system. Refueling is normally performed with the reactor 

pressure maintained at less than atmospheric, and therefore any leakage is 

inward. However, circumstances may arise whereby it becomes necessary to 

rapidly increase reactor pressure to a value greater than atmospheric, for 

instance, in the event that cooling by natural convection becomes necessary, 

in which case an increase in pressure to about 10 bars would be required. 

As a result, it becomes necessary not only to restrict ingress of air during 

the removal and installation of equipment but also to restrict out-leakage 

of reactor coolant into the containment building. Procedures for complying 

with ingress of air have been developed successfully for HTGR systems which 

require isolation valves installed in each of the two mating components. 

Similar procedures can be used for the GCFR with the exception that the 

isolation valves must be designed to withstand higher positive pressure. A 

helium atmosphere is maintained on one side of each isolation valve; sealing 

is effected between the two components; and before either valve is opened or 

closed, the interspace is purged and then backfilled with helium or air as 

the case may be and the pressure is equalized. This procedure must be 

followed each time a transfer cask is installed or removed from a mating 

component. 

Other general considerations affecting the design of the system are: 

1. The fuel handling machine must be capable of servicing not only 

fuel assemblies but also blanket and shield assemblies. As a 

result, access must be available to the entire core layout. 

2. Core assemblies will be in contact with one another during reactor 

operation, and some distortion will take place over a period of 

time. Therefore, frictional resistance can be expected when these 

assemblies are withdrawn or re-inserted into the core. It is thus 

necessary to restrain assemblies surrounding the assembly being 

withdrawn and also to provide adequate forces to overcome such 

resistance. 
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3. While the probability of a core assembly being accidentally 

dropped is reduced as far as possible by proper design of the 

grapple device, provision must be made to regrapple an assembly 

should such an event occur. For this reason it is desirable that 

an assembly, if dropped, remain in an upright position. Also, 

coolant flow can be more effectively maintained when an assembly 

is in an upright position than when it is horizontal. 

4. The ability to perform a number of refueling operations in 

parallel has considerable impact on the overall refueling time. 

For this reason it is desirable to have at some point in the 

sequence a location at which outgoing spent fuel can be routed 

toward its destination while incoming new fuel is conveyed back to 

the PCRV. 

SYSTEM DESCRIPTION 

A general arrangement of the selected refueling concept for the upflow 

core is depicted in Fig. 1. Fuel assemblies are routed upward through the 

top head of the PCRV, into a transfer cask, and from that cask into a 

transfer lock. The transfer lock redirects outgoing fuel into the spent 

fuel chute, which in turn conveys the assembly downward into a storage pool 

located at a lower elevation. 

The transfer lock serves as a convenient location for the entry of new 

fuel which is transferred from the new fuel storage area through a port in 

the containment wall. Thus, from this point the routing of outgoing spent 

fuel and incoming new fuel can proceed in parallel simply by moving the fuel 

transfer cask to an adjacent chamber in the transfer lock containing the 

replacement assembly. 

The concept requires one refueling penetration located immediately 

above each core region, that is, each group of seven core assemblies. Some 
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79 such penetrations are required for a 350-MW(e) demonstration plant and 

approximately 145 for a commercial size plant. Since the diameter of a 

penetration is restricted by the ligament required between adjacent 

penetrations, the fuel handling machine must articulate beyond its own 

diameter in order to reach the six peripheral core assemblies in any given 

region. 

Figure 2 traces the flow of incoming new fuel through the burnup cycle 

to the point of loading into a shipping cask for removal to a disposal site 

or reprocessing facility. 

The fuel handling system includes the following equipment: 

1. Fuel handling machine. 

2. Plenum viewing device. 

3. Fuel transfer cask. 

4. Fuel transfer cask bridge and rail structure. 

5. Reactor isolation valve. 

6. Transfer lock. 

7. Spent fuel chute. 

8. New fuel positioner subsystem. 

9. Spent fuel positioner subsystem. 

10. Fuel handling control station. 

The most complex component of the refueling system is the fuel handling 

machine. The fuel handling machine is installed within a refueling 

penetration above the region to be refueled and is the prime mover of 

assemblies into and out of the core. The mechanism is arranged so that core 

assemblies can pass through the fuel handling machine in transit between the 

core and a fuel transfer cask located above the penetration. 

The fuel handling machine is remotely controlled from the fuel handling 

control station and is capable of locating and removing a spent core 
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assembly from any one of the seven positions directly below the penetration. 

This function is performed in conjunction with the fuel transfer cask 

grapple which, while remaining connected to the fuel transfer cask, is 

engaged by the fuel handling machine for the purpose of radial and azimuthal 

orientation and the application of removal and insertion forces. The fuel 

handling machine, again in conjunction with the fuel transfer cask grapple, 

is capable of removing an assembly, rotating the assembly within the 

refueling plenum, and replacing the assembly in the same or an adjacent core 

location. 

Coolant flow for both the grapple mechanism and the spent fuel assembly 

is conducted downward through the supporting member of the fuel transfer 

cask grapple. For this purpose, two independent and redundant cooling 

systems capable of providing adequate cooling for the entire period of 

transit are located in the fuel transfer cask. 

By utilizing the rotating feature built into the grapple, the fuel 

handling machine performs an additional function of adjusting flow control 

orifices located in the upper end of each fuel assembly. 

SEQUENCE OF REFUELING OPERATIONS 

The following description of the various functions associated with the 

removal of spent fuel and the installation of new core assemblies starts 

with the assumption that all necessary refueling equipment has been 

installed in the containment building during the cooldown period immediately 

following reactor shutdown. 

Operation 1 - Isolation Valve Installation (Fig. 3). The isolation 

valve seals around the outside of the penetration below the penetration 

closure. The valve is supported by and attached to three adjacent 

penetration closures. A small plug in the top of the closure is removed. 
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and a special tool is inserted to disengage the control rod disconnect. The 

closure bolts are then removed, the valve is closed, and the interspace is 

backfilled with helium. 

Operation 2 - Control Rod Drive Removal (Fig. 4). The auxiliary 

service cask is installed and sealed to the isolation valve, the interspace 

between the valves is purged, and both valves are opened. The auxiliary 

service cask grapple engages the penetration closure to which the control 

rod drive is attached. The control rod drive and closure assembly is then 

raised into the cask, the isolation valves are closed, and the cask is 

removed. 

Operation 3 - Fuel Handling Machine Installation (Fig. 5). The fuel 

handling machine is installed by the auxiliary service cask in reverse 

sequence to that described in Operation 1. The isolation valve is then 

cleared for the next operation. 

Operation 4 - Fuel Transfer Cask Installation (Fig. 6). Carried on a 

polar bridge arrangement, the fuel transfer cask is positioned above and 

sealed to the isolation valve, after which the usual purging procedures are 

followed prior to opening both valves. The fuel transfer cask grapple is 

then lowered into engagement with and locked onto the fuel handling machine 

carrier. 

Operation 5 - Grapple to Fuel Handling Machine Engagement (Fig. 7). 

The fuel transfer cask grapple is shown engaged with the fuel handling 

machine carrier in Fig. 7. The machine is shown offset to center over one 

of the six periphery assemblies of the refueling region being serviced. 

Operation 6 - Fuel Assembly Grappling (Figs. 8 and 9). The fuel 

handling machine carrier is driven downward, taking the fuel transfer cask 

grapple with it and at the same time extending the coolant duct connected to 

the fuel transfer cask cooling system. Figure 9 shows the dual latching 
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arrangement which attaches the grapple to the carrier and the grapple to the 

fuel assembly. 

Operation 7 - Fuel Assembly Removal (Figs. 10 and 11). The fuel 

assembly is drawn upward by the carrier drive until clear of the core, at 

which point the fuel handling machine is returned to align with the axis of 

the penetration. The grapple to carrier latch is released, and the assembly 

is drawn upward into the fuel transfer cask as shown in Fig. 11. Coolant 

flow is maintained from the fuel transfer cask cooling system during this 

entire operation. 

Operation 8 - Fuel Transfer Cask to Transfer Lock Operation (Fig. 12). 

By rotation of the polar bridge and translation of the trolley, the fuel 

transfer cask is moved into position under the transfer lock. Sealing and 

purging operations are performed, and the isolation valves are opened. The 

transfer lock grapple is then secured to the fuel assembly, and coolant flow 

from the transfer lock system is initiated. 

Operation 9 - Transfer Lock Operation (Fig. 13). The fuel assembly is 

raised upward into the transfer lock, and the isolation valves are closed. 

The fuel transfer cask can then be moved to an adjacent chamber in the 

transfer lock to receive a new assembly. Meanwhile the spent fuel assembly 

is processed through the lock, where any necessary inspection procedures and 

leak tests can be performed. At this point also, provision is made for 

sealing the vent ports in the fuel assembly. 

Operation 10 - Installation in Spent Fuel Chute (Fig. 14). After being 

processed through the transfer lock, the assembly is deposited in the spent 

fuel chute conveyor. The grapple is released and withdrawn into the 

transfer lock, and the isolation valve is closed. Water spray cooling is 

started immediately and continues until the assembly is submerged in the 

storage pool. 
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Operation 11 - Transfer to Fuel Storage Pool (Figs. 15 and 16). The 

fuel assembly is deposited into a magazine at the bottom of the storage pool 

which, when rotated, places the assembly in an upright position so it can be 

grappled and removed to the long-term storage racks as shown in Fig. 16. 

Operation 12 - New Fuel Storage (Fig. 17). New fuel assemblies are 

stored dry in a shielded area outside of the containment building. The 

assemblies are loaded into a magazine arrangement which permits routing of 

the assemblies through a port in the containment wall into an appropriate 

chamber in the transfer lock. 

Operation 13 - Coolant Channel and Hoist Feature (Fig. 18). This 

refueling system utilizes a device which enables the routing of coolant over 

many feet of travel without resource to large reels and flexible hoses. The 

device, known as a BI-STEM, was developed primarily for extendable antennae 

used in space programs. Two flat steel strips are wound onto back-to-back 

interconnected drums or cassettes. The strips are preformed so that when 

deployed they form into two incomplete cylinders nested tightly one within 

the other, forming a tubular channel. Through this channel gas or fluids 

can be conducted with some leakage. At the same time, the arrangement 

provides the capability of a hoist having two separate load paths, a safety 

requirement when handling radioactive material such as spent fuel 

assemblies. 

DESIGN STATUS 

Conceptual design effort has in general been conducted in what were 

considered to be the most critical and the most complex areas of the GCFR 

refueling system. Of those, the fuel handling machine required the most 

study to prove the feasibility of passing fuel assemblies through the body 

of the machine, which in turn is size limited by the permissible inside 

diameter of the refueling penetration. With the exception of such, items as 
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Fig. 15. Spent fuel chute carrier lowering fuel assembly into pool 
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TV camera placement and instrumentation, the design of the fuel handling 
machine has been well developed and is considered to be a viable concept. 

The fuel transfer cask and isolation valve have likewise been subjected 
to a detailed study, as has the support bridge and structure on which the 
cask is mounted. Sufficient work has been performed on the spent fuel chute 
and the spent fuel positioner subsystem to determine the approximate 
envelope of those components. 

Time studies performed for the reference system indicate a refueling 
time for the demonstration plant of 25 days and for a commercial plant of 31 
days. The studies show that these times may be reduced substantially by the 
incorporation of additional equipment. * 
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