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Introduction 
The Experimental Breeder Reactor I1 (EBR-II) is an 

unmoderated, sodium-cooled fast reactor with a design 
power level of 62.5 MW (thermal) generating 20MW of 
electrical power. The EBR-I1 was designed and operated 
by Argonne National Laboratory for the U.S. Department 
of Energy initially as part of the national liquid-metal fast 
breeder reactor development program, and more recently 
as the prototype for the Integral Fast Reactor (IFR). The 
EBR-I1 is a pool-type design; the reactor fuel handling 
components and entire primary-sodium coolant system are 
submerged in the pri- tank, which is 26 feet in 
diameter, 26 feet high, and contains 86,000 gallons of 
sodium (Fig. 1). Since the reactor is submerged in 
sodium, fuel handling operations must be performed blind, 
making exact positioning and precision control of the fuel 
handling system components essential. EBR-I1 operated 
for 30 years, and the fuel handling system has performed 
approximately 25,000 fuel transfer operations in that time. 
Due to termination of the IFR program, EBR-I1 was shut 
down on September 30, 1994. In preparation for 
decommissioning, all fuel in the reactor will be 
transferred out of EBR-I1 to interim storage. This 
intensive fuel handling campaign will last approximately 
two years, and the number of transfers will be equivalent 
to the fuel handling done over about nine years of normal 
reactor operation. With this demand on the system, 
system reliability will be extremely important. Because of 
this increased demand, and considering that the system 
has been operating for about 32 years, system upgrades to 
increase reliability and efficiency are proceeding. 
Upgrades to the system to install new digital, solid state 
controls, and to take advantage of new visualization 
technology, are underway. Future reactor designs using 
liquid metal coolant will be able to incorporate imaging 
technology now being investigated, such as ultraviolet 
laser imaging and ultrasonic imaging. 

Fuel Handling System 
The fuel handling system performs all subassembly 

transfers between the reactor, the storage basket, and the 
Fuel Cycle Facility. Components of the fuel handling 
system are shown in Fig. 1. Fuel handling operations are 
divided into two separate types: transfers within the 
primary tank between the reactor and the storage basket, 
and transfers between the storage basket and the Fuel 
Cycle Facility. Transfers of the latter type are made 
using the storage basket, transfer arm, and transfer port 
in the primary tank; and the fuel unloading machine and 
interbuilding cask outside the primary tank. The fuel 
handling system operates semiautomatically except for the 
transfer arm, which is manually operated. The system is 
actuated and controlled from the fuel handling console 
(FHC) by depressing sequential push buttons. The 
controls are interlocked to prevent out-of-sequence 
operation, which could damage equipment or 
subassemblies. Movement of the rotating plugs and all 
fuel handling mechanisms (except the transfer arm) is 
controlled by the electromechanical equipment in the 
FHC. This control system is designed to "fail-as-is" for 
the probable failure modes involving contacts and relays. 
Because of these design characteristics, the system has 
operated with a high degree of safety. 

For inserting and removing subassemblies into and out 
of the reactor grid, two eccentrically positioned rotating 
shield plugs are rotated to position the core gripper over 
any of the 637 grid positions. The core gripper moves 
vertically and operates in conjunction with the core 
holddown, which has a guide funnel that the gripper 
passes through to latch onto a subassembly top adapter. 
After the gripper engages a subassembly, it is driven 
upward through the holddown funnel while the funnel 
rests on the six surrounding subassemblies to ensure that 
they remain seated in the grid during the removal. As the 
gripper reaches an elevation where the bottom of the 
attached subassembly clears the top of the core, the 
holddown is driven upward to maintain engagement with 
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the lower end of the subassembly. The rotating plugs are 
then rotated to move the gripper and subassembly to the 
transfer point where the transfer arm can engage the 
subassembly. After the subassembly is securely engaged 
by and locked onto the transfer arm, the gripper is 
disengaged and raised to clear the subassembly. The 
transfer arm then is rotated to place the subassembly into 
position for insertion into the storage basket. After 
placing the subassembly into the storage basket, the 
process is then reversed to move a fresh subassembly 
from the basket to the open grid locatinn in Tep.p+Or. 

The transfer arm is a horizontal rotating arm 
submersed in sodium, with a vertical shaft that extends up 
through the primary tank cover to an operating pedestal on 
the operating floor of the reactor building. The transfer 
arm is used to transfer Subassemblies between the core 
gripper, the storage basket, and the fueI unloading 
machine. The horizontal arm in the primary tank 
terminates in a carrier block, which engages the upper end 
of a subassembly. A sense pin and a locking pin are built 
into the carrier block. The sense pin indicates that the 
subassembly is or is not seated in the carrier block, and 
the locking pin locks the subassembly into the carrier 
block to prevent accidental disengagement of the 
subassembly from the carrier block. The transfer arm 
length is fixed and, therefore, the various transfer points 
are located exactly on the arc formed by the center of the 
transfer arm carrier block opening as the transfer arm is 
rotated to the different angular positions. In addition to 
the rotation capability, the transfer arm also is capable of 
12 in. of vertical travel. All engagements and 
disengagements of the transfer arm are made manually by 
the fuel handling operator. This gives the operator direct 
tactile feedback during the transfer so that he can detect 
an abnormal condition. Even though the transfer arm is 
operated manually, its operation is controlled by the fuel 
handling control system through a series of interlocks, as 
are the other components. 

The storage basket located in the primary tank 
provides storage space for both fresh and irradiated 
subassemblies. The basket is cylindrical and consists of 
75 separate storage tubes arranged in three concentric 
circIes or rows. The storage basket is supported by a 
shield plug that fits into a primary tank nozzle. Above 
the shield plug are the mechanisms that raise and lower 
the basket to the proper elevation and rotate the basket to 
the proper rotational position. The storage basket is 
always completely under the surface of the primary tank 
sodium, even at its full-up position. This ensures that 
spent subassemblies are covered by the sodium in the tank 
for removal of decay heat. 

The two rotating plugs form the top closure of the 
primary tank and support the control rod drives and the 
core gripper and holddown mechanisms. These 

mechanisms are mounted on the small rotating plug which 
is supported by the large rotating plug, which in turn is 
supported by the primary tank support structure. The 
rotating plugs provide a seal to prevent leakage of the 
primary tank cover gas (argon) to the reactor building 
atmosphere. The seal arrangement consists of a freezable 
tin-bismuth alloy in two troughs, one for each rotating 
plug. A blade attached to each rotating plug dips into the 
alloy in the trough and provides the seal boundary. 
During reactor operation when the plugs are stationary, 
the alloy is partially frozen. J&&ng.-fuej _ha.ndlin. 
operations, the alloy is melted to allow the dip ring io 
move through the alloy when the plugs rotate, thus 
maintaining the cover gas seal. Fig. 1 shows the rotating 
plug and seal arrangement. 

Fuel Handling Experience 
Experience with the in-task fuel handIing equipment 

has been excellent over the 30 years of operation, 
reflecting the soundness of the design strategy and the 
foresight of the designers of EBR-11. Engineering design 
improvements have been made over the years, but the 
basic, fundamental design strategy has been very 
successful. The problems that have been encountered 
have been either quickly (within a few hours in most 
cases), or eventually resolved. Fuel handling difficulties 
within the primary tank can be categorized in three ways: 
1) minor, requiring adjustments to or replacement of 
equipment such as limit switches, relays, drive motors, 
etc.; 2) chronic, such as difficulties encountered in 
moving the rotating shield plugs; or 3) significant, unique 
events requiring design and application of special 
equipment or procedures for recovery, such as dropping 
a subassembly or damaging a subassembly or fuel 
handling component. The in-tank fuel handling 
experience discussed below covers the later two types of 
problems. The first type is consistent with typical routine 
problems with any complex electro-mechanical system. 
However, because of the age and demands on the fuel 
handling control system, along with recent age-related 
failures, upgrades to the control system are necessary to 
ensure that reliable system operation can continue with a 
high degree of safety. Because of complexity of the 
system and the large number of components, continuous 
surveillance and maintenance to adjust and replace these 
components has been required. Recent common mode 
age-related failures (e.g . , embrittlement of electrical 
insulation, relay wear) have led to the conclusion that the 
FHC must be replaced. The discussion below, however, 
centers on other chronic and unique problems encountered 
with the system. 

Chronic Problems 
The one significant chronic problem that has 

impacted fuel handling operations over the years has been 
"sticking" of the rotating plugs. The plugs are normally 
rotated by gear motors, but there have been times when 
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significant manual assistance has been required to rotate 
the plugs just a few degrees. The cause of the difficulty 
is a buildup of deposits on the seal trough walls and 
annulus and the formation of a layer of dross on top of 
the seal alloy. The dross and deposits consist of various 
compounds of sodium, oxygen, tin, and bismuth. 
Although access to the areas where these compounds are 
formed is poor, cleaning devices and procedures have 
been developed and used, typically on an annual basis, or 
more often when difficulties were encountered. This 
approach controllt=a degree during 
the first several ye owever, rotational 
difficulties continued to worsen, even with periodic 
cleaning, until at one point in late 1982, fuel handling was 
delayed for nearly a month because the plugs could be 
rotated only a few degrees. This particular instance was 
eventually resolved by rotating the plugs back and forth 
through the small amount of travel possible and cieaning 
the dross and deposits accessible through the access hole 
in that small arc of travel. Thus, full rotational capability 
was eventually reestablished. 

Following this incident, further engineering evaluation 
was initiated to attempt to minimize future rotational 
problems. An engineering change was incorporated that 
directed an argon gas purge into the trough and annulus 
region to suppress the sodium aerosol migration and to 
minimize air contact with the seal alloy.[l] This argon 
purge has significantly reduced, but not eliminated, plug 
rotational difficulties. Another activity initiated in the 
same time frame was periodic videotaping of the trough, 
dip ring, annulus, and seal alloy surface of both the large 
and small rotating plugs. This has helped considerably in 
characterizing the dross and deposits and relating the type 
and amount of deposit material to different sectors of the 
troughs correlated to where the argon purge is located. 
This has also helped in determining when seal cleaning 
will be needed, where the cleaning should be focused, and 
how effective the cleaning is. It also helps to be able to 
track the rate of formation of deposits and dross.[2] 
While all the mechanisms at work here are still not well 
understood, there has been a significant improvement in 
the understanding and characterization of the problem. 

Lessons from the EBR-I1 experience with the rotating 
plugs and freezable seals that should be considered for the 
next plant design would include designing the seal troughs 
to improve accessibility for cleaning and maintenance, 
adding provisions for more extensive argon purge 
capability, and evaluation of other alloy compositions for 
the seal material that would be less susceptible to the 
formation of compounds with sodium and oxygen. 

Another chronic problem of lesser impact is 
maintaining an adequate cover gas seal where vertical 
drive shafts enter the top closure of the primary tank 
where motorized packing glands clamp around the shaft 

and then are loosened to allow vertical and rotational shaft 
movement. Resolution of this problem involves 
evaluation of various types and forms of packing material, 
which is in progress. 

Significant Unique Events 
The number of events in this category has been very 

small, due to the design of the process and equipment 
which provide multiple controls and checks during fuel 
handling operations to ensure that each fuel handling step 
is in the proper sequence_-qd t_hp PP:Y * rr-didons have 
been met to proceed with that S K ~ .  

Over the operating history of EBR-11, two instances 
have occurred involving subassemblies dropped in the 
EBR-I1 primary tank. One was in 1964 when a 
subassembly was not properly locked onto the transfer 
arm during removal from the storage basket. The 
subassembly dropped from the transfer arm into the catch 
basin that follows the transfer arm arc from the storage 
basket to the transfer port and to the reactor vessel 
neutron shield. The catch basin funneled the subassembly 
into a vertical standpipe at the bottom of the primary tank 
directly below an access nozzle in the primary tank cover 
as designed. The location of the subassembly was verified 
using a long probing tool inserted through the access 
nozzle. Retrieval of the subassembly was accomplished 
by inserting a sleeve through the access nozzle down to 
the catch basin standpipe at the bottom of the tank. The 
sleeve was pressurized with argon to lower the sodium 
level in the sleeve to a point below the top of the 
subassembly. The subassembly could then be seen 
through a viewing window in a plate at the top of the 
sleeve. Retrieved tools inserted through the top of the 
sleeve were then used to latch onto and retrieve the 
subassembly by pulling it up through the nozzle. The 
entire retrieval sequence took only eight hours and no 
problems were encountered. 

The second dropped subassembly event occurred in 
November 1982. A subassembly was being transferred 
from the basket to the core. When the transfer arm 
reached the core gripper transfer position, the 
subassembly was no longer on the transfer arm. The 
initial search was directed to the catch basin. When it 
was determined that the subassembly was not in the catch 
basin, efforts were directed to searching nearby areas of 
the primary tank using vertical probes with retractable 
horizontal arms inserted through primary tank access 
nozzles to sweep and map a particular area of the primary 
tank. When this activity was not successful in locating the 
subassembly, preparations were made for removing the 
core gripper from the small rotating plug to provide an 
access nozzle to the core region. Following removal of 
the gripper, a sweeping tool was installed through the 
vacated gripper nozzle. An angular measuring scale and 
a vertical scale were placed at the top of the nozzle so that 
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position measurements could be taken and recorded. 
Additionally, an under-sodium acoustic sensor was hooked 
up to a speaker to detect contact. The subassembly was 
located using this sweeping tool. By profiling the 
subassembly using the tool, the position of the 
subassembly was determined to be nearly vertical, resting 
on the top of the core subassemblies and leaning against 
the horizontal arm of the holddown mechanism. This 
position was duplicated and verified using a full-size 
mockup of the components involved. 

Once the position and location of the subase;dG, mas 
fully characterized, a retrieval scheme was developed, 
design of equipment was initiated, and development of a 
formal retrieval procedure was started. The retrieval 
device developed was a long tube with a retractable cable 
inside that could be extended into a horizontal loop at the 
bottom of the tube. The retrieval device and procedure 
were tested, modified, and retested several times using a 
full-size mockup and with the retrieval team working 
"blind" as they would be during actual retrieval. For the 
actual retrieval, the retrieval tool was inserted through the 
empty gripper nozzle and lowered such that the cable loop 
at the bottom went around the subassembly based on its 
measured position. The loop was then tightened to bring 
the subassembly top fitting into the cutout at the bottom of 
the tube. This then verified that the loop had successfully 
engaged the subassembly. Once the subassembly was 
tightened securely to the bottom of the tube, the tube and 
subassembly were lifted to an elevation where the transfer 
arm could engage the subassembly and the retrieval tool 
could release the subassembly. This was successfully 
accomplished and the subassembly was then removed 
from the primary tank using the normal fuel handling 
process from that point. An inspection of the 
subassembly in the hot cell showed no damage and it was 
eventually loaded into the reactor. 

Following retrieval of the subassembly, the core 
gripper was re-installed and used to engage the top fittings 
of subassemblies in the drop area. No abnormalities were 
found. Fuel handling activities were then completed 
uneventfully. The total recovery time from the time the 
subassembly was dropped until it was retrieved was one 
month. The actual retrieval time from insertion of the 
retrieval tool was about four hours. 

Another incident occurred in 1978 wherein a 
subassembly was damaged in the storage basket and could 
not be retrieved using normal fuel handling methods. [3], 
41 The subassembly was bent about four inches from 
vertical and was sitting about 22 inches above its normal 
storage position. This occurred when the subassembly top 
fitting hung up in a fission gas collecting tool when the 
storage basket was lowered and rotated. Special handling 
tools and procedures were developed for retrieval of this 
subassembly and thoroughly tested in a full size mockup 

of the transfer arm and storage basket. Since the location 
of this subassembly was in the primary tank storage basket 
external to the reactor vessel, normal reactor operations 
continued while extensive characterization of the 
subassembly position and condition was conducted using 
the transfer arm as a profilometer. 

Retrieval of this subassembly was accomplished nine 
months after the condition was initially found, with minor 
impact on reactor operations. Since this subassembly had 
nbvsical deformation and was irradiated, it was retrieved 
through the access nozzle over the catch basin, and placed 
into a special shielded cask for transfer to the hot cell. Its 
deformation precluded transfer using the normal fuel 
handling equipment and cask. 

A few other events have occurred which required 
special procedures and, in some cases, special tools but 
these have been very rare. 

Upgrades 
As discussed above, several upgrades to the fuel 

handling system are planned and in progress. Installation 
of improved force monitoring and control system for the 
core gripper, and new position sensors for the transfer 
arm and storage basket will be completed soon. A new 
control system and control console for the fuel unloading 
machine and argon cooling system will be installed in 
1995 to improve reliability and efficiency of fuel transfers 
out of the primary tank. The new fuel handling console 
and control system will also be installed in 1995 to 
improve reliability of the in-tank fuel handling system. 
The new fuel handling control console will be a computer- 
based system, which will eliminate hundreds of relays in 
the current system. The new system will also include 
built-in system diagnostic capability and will provide a 
computer-generated, sensor driven dynamic view of the 
in-tank fuel handling activities for the fuel handling 
operators. 

Summary 
Experience with remote, under-sodium fuel handling 

in EBR-I1 has been excellent. About 25,000 transfers 
have been successfully accomplished with few notable 
incidents. Problems that have been encountered have 
been dealt with and resolved by application of engineering 
and operational knowledge and ingenuity, typically with 
minor impact on plant availability. This experience has 
shown that a remote, under-sodium fuel handling system 
in a pool-type reactor can be successfully designed, 
operated, and maintained. Upgrades to the system should 
ensure that the ongoing defueling campaign will continue 
in a reliable, efficient, and safe manner. 


