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INTRODUCTION

This paper discusses operational and criticality safety experience associated at the Idaho National
Laboratory Fuel Conditioning Facility. The facility uses an engineering scale pyrometallurgical
process to treat fast reactor spent fuel from the Experimental Breeder Reactor II. Operations in
the facility began June 7, 1996, and continue today. The process is necessary because the
Experimental Breeder Reactor II fuel design uses sodium metal bonding between the fuel pin and
stainless steel cladding. The use of sodium prevents the spent fuel from being suitable for direct
geologic disposal. Since the Experimental Breeder Reactor II fuel is metallic rather than oxide, a
pyrometallurgical process can be used for treatment rather than the traditional solvent extraction
method.

PROCESS DESCRIPTION

The Fuel Conditioning Facility is shown in Figure 1. The Fuel Conditioning Facility is in the
foreground with the Experimental Breeder Reactor II, the domed building, in the background.
The two facilities are connected, allowing direct spent fuel transfers from the reactor to the
processing facility.

Figure 1 Fuel Conditioning Facility.



The entire pyrometallurgical process is conducted remotely in a hot cell environment. Figure 2
shows the general process flow and Figure 3 shows the Fuel Conditioning Facility hot cell layout.
The rectangular portion of the hot cell contains an air atmosphere and is used for spent fuel and
product storage. The annular portion of the hot cell contains an inert argon atmosphere and is

used for all processing steps.
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Figure 2 Process Flow.
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Figure 3 Facility Layout.



The spent fuel is divided into two basic categories: driver and blanket. Driver spent fuel consists
of a uranium-zirconium alloy fuel pin, sodium bonding, and stainless steel cladding. Sodium
metal bonding is added between the fuel pin and cladding to enhance heat transfer in the reactor.
A wire wrap around the cladding is used to provide separation between adjacent elements. The
fuel pin alloy is typically 90 wt.% uranium and 10 wt.% zirconium. The uranium enrichment is
typically 67%. Blanket elements consist of a depleted uranium metal pin, sodium bonding, and
stainless steel cladding. The process starts with chopping spent fuel elements into element
segments.

Figure 4 shows the basket that holds the chopped elements segments and a basket containing
mock element segments. The driver element segments are approximately 6 mm long and 6 mm
in diameter. The blanket element segments are approximately 12 mm long and 12 mm in
diameter. The basket consists of four compartments in a cruciform arrangement and can hold
approximately 20 kg of element segments. Typical batches consist of approximately 12 kg.
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Figure 4 Element Segment Basket.

Once filled, the basket is lowered into the electrorefiner which contains molten salt (LiCI-KCl).
A stainless steel mandrel is also lowered into the salt. The basket compartment walls are
perforated which allows molten salt to come into contact with the element segments when the
basket is submerged in the electrorefiner. The electrorefiner is shown in Figure 5. The
electrorefiner vessel is maintained at 500 °C and contains ~300kg of molten salt and ~100 kg of
molten cadmium metal. The salt serves as electrolyte and the cadmium metal serves as an anode
or cathode depending on the desired vessel configuration.
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Figure 5 Electrorefiner.

In the electrorefiner, active metal fission products, transuranic metals, and sodium metal in the
spent fuel undergo chemical oxidation and form chlorides. Voltage is applied between the
basket, which serves as an anode, and the mandrel, which serves as a cathode, causing metallic
uranium in the spent fuel to undergo electro-chemical oxidation thereby forming uranium
chloride. Simultaneously at the cathode, uranium chloride undergoes electro-chemical reduction
and deposits uranium metal onto the mandrel. Typical applied voltage is ~0.35 V and typical
current is ~50-100 A. The applied voltage is kept below one volt to prevent oxidation of iron in
the basket. The amount of uranium deposited on the cathode is directly proportional to the
integrated current. Fission products, plutonium, and other transuranic metals remain as chlorides
in the salt and are eventually disposed of as waste.

Upon removal from the electrorefiner, the uranium metal adhering to the mandrel and
accompanying entrained salt are placed in a graphite crucible. The deposit is typically 80 wt.%
uranium and 20 wt.% salt. The graphite crucible typically holds ~19 kg of the dendritic cathode
deposit. If the deposit originated from driver material, depleted uranium is added to the crucible
to reduce the uranium enrichment below 50%. The crucible is transferred to a distillation
furnace, which is operated at a temperature of 1200 °C and a pressure of 150 miliTorr. While in
the furnace, the uranium metal melts and forms an ingot, and the entrained salt boils and
subsequently condenses in a separate crucible. Figure 6 shows a cathode deposit. Figure 7
shows the cathode processor distillation furnace and the uranium (upper right) and salt (lower
right) ingots produced by the furnace.
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Figure 7 Cathode Processor and Ingots.

The final step in the process applies only to uranium derived from driver fuel. The ingot from
the cathode processor is placed in a graphite crucible and more depleted uranium is added. The
crucible is placed in a casting furnace. The casting furnace is used to melt the uranium ingot and
depleted uranium into a homogeneous ingot with uranium enrichment below 20%. Following
processing, all ingots are transferred to a long term storage facility.



RESULTS

During the 10 year operating history, over 12,000 driver fuel elements have been processed
resulting in the production of 2,500 kg of 20% enriched uranium. Also, over one thousand
blanket fuel elements have been processed resulting in the production of 2,400 kg of depleted
uranium. These operations required over 35,000 fissile material transfers between zones and
over 6,000 transfers between containers.

Numerous lessons were learned over the 10 year operating history. One fundamental lesson
learned is that engineering scale demonstration is essential. Operational improvements related to
electorefining came as a direct result of engineering scale demonstration. Initial operations in
the electrorefiner were hampered by the buildup of cadmium. Cadmium buildup was the result
of cadmium vaporization and subsequent condensation. Figure 8 shows the buildup of cadmium
on the portion of the electorrefiner where the anode or cathode is connected. The cadmium
buildup hampered use of the clamping device. Subsequent installation of a cold-trap in the
electorefiner allowed preferential capture of cadmium. Many similar process improvements
occurred as a result of engineering scale demonstration.

Figure 8 Cadmium Buildup.

An important lesson learned in the area of criticality safety involved preparing for equipment
failure. Use of graphite crucibles presents the possibility of a crucible failure. Ensuring that
failure of a crucible during furnace operation can be accommodated from a criticality safety
perspective was an important part of the equipment design process. Figure 9 shows the results of
an actual crucible failure during operation of the cathode processor furnace. The figure shows the
crucible sitting on a pedestal with solidified uranium adhering to the heat shields. The right side
of the figure shows a mirror which reveals the hole that developed in the crucible during furnace
operation. Establishing mass limits that accommodate this situation simplified recovery efforts.



Figure 9 Failed Crucible.

Another important criticality safety related lesson learned has been in the area of comprehensive
near real-time computerized material tracking. Over one hundred criticality safety evaluations
were required to support both initial and revised operating approaches. All criticality safety-
related limits and controls for the entire process are contained in a single document, which
required over 30 revisions to accommodate process changes. Operational implementation of the
limits and controls includes use of a near real-time computerized tracking system. The tracking
system uses an Oracle database coupled with numerous software applications. The computerized
tracking system uses direct fuel handler interaction with every movement of material.
Improvements to this system during the 10 year history include introduction of web based
operator interaction, tracking of moderator materials, and the development of a plethora database
queries to assist in day to day operations as well as obtaining historical information.

Use of the tracking software during material movement activities involves a specific sequence of
operator and computerized checks to ensure the proposed movement is within the established
limits and controls. Figure 10 shows typical web pages related to the movement of a container
from one controlled location to another. The process involves four distinct phases with operator



and computerized checks occurring at each phase in the process. If the computerized check
passes, the background in the applicable phase turns green. If the check fails, the background
turns red, and proceeding to the next step cannot occur. The identification phase includes both
operator visual identification of container serial numbers as well as automated physical weight
measurement and comparison with the expected weight recorded in the database. The
comprehensive material movement process and computerized tracking has resulted in no mass
limit violations during the operating history of the facility, involving in excess of 35,000 material
movements.

Zone-to-zone transfers

Zone-to-zone transfers

Select Phase
Operator Reqlledt Phar Select Phase (done) Request Phase (done)
Ttem [D Operator
Select transfer path RI TtemID Select trancer path i
S SELECT [ecvose| MAP
Destination L5 e e ST SELECT
- REQUEST
Identify Phase Operator Cross  SOOCOIEK Identify Phase (eT0r)  gporcior e o
FiTar ZDDOOILX FixTar 00
Tem D Verfier. HemID Vesifier
TtemWt  FRDOOTLN TtemWt 36
By IDENTIFY SieWt  oOoooiE e DENTEY | sgws  2oosme
Balance Aot SigType bd Balance 'M. SigType 1
,m NetWt  3000000X [weaoos =] NetWit 146544
Completion Phase Completion Phase
A ctual Destination A ctual Destination
Operatar
Operator
W erifier
Rorifior NORMAL | ABORT | TERMINATE |
NORMAL ABORT TERMINATE rersn |

i 1 |#M: Task ZZT, measured identify weight not consistent (+/- 25.4) with
| |signature weight ( 20050.9).

Zone-to-zone transfers

Select Phase (done) Request Phase (done)
S Operator
TtemID bpditsioiiagi IMOperatorl R
ccponz MAP SELECT Responind
Destination P PO PO, REQUEST
P9 ST _..]
Tdentify Phase (done) Operator Gross  SOCOOILH
IMOperatorl FiTar X00COOLE
Item ID Verifier e
PP gt IDENTIFY é‘;’&?f' m(xx§
Balance Monitor ielyne i
WEADOB % IMOperatord NetWt  XOOOO0CK

Completion Phase (done)

Actual Destination.

Operator
IMOperator]

NORMAL | ABORT | | TERMINATE |

Verifier
IMOperatoiZ

‘Successful execution (code=ok), Task ZZT, successful conclusion of
|complete phase; updated zone inventories on printer.

Figure 10 Tracking Web Pages.

Finally, one of the most important criticality safety lessons learned was the involvement of a
criticality safety practitioner in daily operations. A criticality safety engineer was assigned
directly to facility operations and was responsible for implementation of limits and controls
including upkeep of the associated computerized tracking files. The criticality safety engineer
was also responsible for conducting fuel handler training activities, including serving on fuel
handler qualification oral boards and continually assessing operations from a criticality control
perspective. The criticality safety engineer also attended bimonthly project planning meetings to
identify upcoming process changes that would require criticality safety evaluation. Finally, the
excellent criticality safety record was due in no small part to the continual support, involvement,
trust, and confidence of project and operations management.
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