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ABSTRACT

Treatment and disposition of spent nuclear fuel (SNF) in the United States has changed
significantly over the last decade due to change in world climate associated with nuclear
material. Chemical processing of aluminum based SNF is ending and alternate
disposition paths are being developed that will allow for the ultimate disposition of the
enriched uranium in this SNF. Existing inventories of aluminum based SNF are currently
being stored primarily in water-filled basins at the Savannah River Site (SRS) while these
alternate disposition paths are being developed and implemented. Nuclear non-
proliferation continues to be a worldwide concern and it is causing a significant influence
on the development of management alternatives for SNF. SRS recently completed an
environmental impact statement for the management of aluminum clad SNF that selects
alternatives for all of the fuels in inventory. The U.S. Department of Energy and SRS are
now implementing a dual strategy of processing small quantities of "problematic" SNF
while developing an alternative technology to dispose of the remaining aluminum clad
SNF in the proposed monitored geologic repository.

Introduction

The U.S. Department of Energy (DOE) and its predecessor agencies have received, stored, and
reprocessed aluminum clad spent nuclear fuel (SNF) from research reactors around the world since the
1950's. Until the 1980's, the primary disposal method was to chemically dissolve the SNF in one of two
"canyon" reprocessing facilities at the Savannah River Site (SRS), separating and recycling the remaining
uranium from the high level waste products. In the early 1990's, the operation and mission of the
reprocessing facilities came into question as a result of the end of the Cold War. As the SNF continued to
be generated and received, DOE stored aluminum clad SNF in water-filled basins while possible
disposition paths were reviewed. During that time, nuclear non-proliferation became an increasing
concern world-wide and also influenced the potential development of disposition paths for SNF.

Four separate environmental impact statements (EIS's) define DOE's management strategy for SNF. In
1995, DOE undertook a decision-making process to consolidate SNF across its nuclear facility complex.
The Programmatic SNF Management and Idaho National Engineering Laboratory Environmental
Restoration and Waste Management Programs EIS [1] was issued in April 1995 and identified three
primary sites within the DOE complex where SNF should be managed. The Hanford production reactor
SNF would remain at Hanford, aluminum-based SNF would be consolidated at the SRS, and non-
aluminum-based SNF would be consolidated at DOE's Idaho National Environmental and Engineering
Laboratory (FNEEL). In implementing this EIS, DOE will transfer about 20 metric tons of heavy metal
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(MTHM) of non-aluminum-based SNF from the SRS to INEEL and about five MTHM of aluminum-
based SNF from INEEL to the SRS.

The Savannah River Site Interim Management of Nuclear Materials (IMNM) EIS [2] was issued in
October 1995 and determined that traditional chemical processing of approximately 175 MTHM of
primarily production reactor fuel and target material was necessary. As of February 2001 approximately
169 of the 175 MTHM has been processed through SRS's F and H Canyons. The remaining material will
be processed through approximately 2004.

In February 1996, DOE published the Final EIS on a Proposed Nuclear Weapons Nonproliferation Policy
Concerning Foreign Research Reactor Spent Nuclear Fuel [3]. Implementation of this EIS may result in
up to 18 MTHM of aluminum-based SNF (of United States origin) from foreign research reactors being
transported to SRS for management, with additional SNF to be managed at INEEL. Shipments of foreign
research reactor SNF to the SRS began in 1996 and are expected to continue until 2009.

The SRS SNF Management EIS [4], issued in March 2000, evaluated management alternatives for 48
MTHM of aluminum clad SNF that was in storage at SRS or that is planned for receipt at SRS.
Conventional processing, continued wet storage, dry storage, direct disposal, and dilution alternatives
were considered. A dilution alternative that involves melting the aluminum clad SNF and blending it
with depleted uranium was selected as the primary disposal option. Direct disposal was identified as a
backup technology. DOE also determined that chemical processing should remain a viable alternative
until the melt and dilute technology has been brought on line.

Discussion

The SRS SNF EIS divided the site's current and projected future inventories of SNF into six major
categories with similar physical properties. A total maximum amount of SNF to be dispositioned was
estimated at 68.2 MTHM. This total includes approximately 20 MTHM of non-aluminum SNF.

The six groups are: A) uranium and thorium metal fuels, B) material test reactor (MTR) type fuels, C)
oxides and silicides requiring resizing or special packaging, D) loose uranium oxide in cans, E) higher
actinide targets, and F) non-aluminum clad fuels. In determining a disposition path for each category of
material, key considerations included environmental impacts, cost and schedule for implementation,
technological risks, and impacts to nuclear non-proliferation policies. The ultimate disposal for all of the
SNF was to place it in the proposed monitored geologic repository after some form of treatment. DOE is
committed to avoid indefinite storage at SRS.

A brief description of each group and their disposition paths follows.

Group A: This group consists primarily of fuels from the Experimental Breeder Reactor-II and the
Sodium Reactor Experiment as well as a small number of plutonium oxide-aluminum target assemblies.
This group represents approximately 19 MTHM by mass of the 68 MTHM included in this EIS. Material
in this group in its current form may not be acceptable for disposal in a repository due to the reactive
nature of the uranium metal or the particulate nature of some of the material. Conventional chemical
processing of these materials was selected to disposition the materials in this category.

Group B: This group consists primarily of MTR fuels and other fuels of similar size and composition.
Most research reactors, foreign and domestic, use MTR fuel. Approximately 70% of these fuels contain
highly enriched uranium. These fuels are in the form of uranium-aluminum, uranium oxide-aluminum,
or uranium silicide-aluminum all clad with aluminum. This group accounts for approximately 97% of all
material by volume that will be managed at SRS through 2035. This group represents approximately 20
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MTHM by mass of the estimated 68 MTHM included in this EIS. The melt and dilute technology, which
will be discussed in detail later in this paper, was selected as the treatment method for making these
materials suitable for geologic disposal.

Group C: This group is very similar in composition to materials in Group B except that their physical
configuration may preclude packaging them in standard (43.2 cm diameter) repository disposal canisters.
It includes material such as the High Flux Isotope Reactor (HFIR) cores. With the exception of some
sectioned pieces of fuel assemblies or cores that will be processed through SRS's canyon facilities, the
material in this group will also be prepared for disposal using the "melt/dilute" technology. This group
represents approximately eight MTHM by mass of the 68 MTHM included in this EIS.

Group D: This group consists of loose uranium oxide with fission products distributed through the
material that is being stored in aluminum cans. This material most likely would not be acceptable for
direct disposal in a repository because it is not in a tightly bound metal or ceramic matrix. This group
also includes target material that may be received from foreign research reactors under the DOE FRR
SNF Acceptance Program. This group represents approximately 0.7 MTHM of the 68 MTHM included
in this EIS. Current inventories in this group will be stabilized using traditional chemical processing
technology in H-Canyon. Future receipts of material in this group will be stabilized using the melt and
dilute technology.

Group E: This group contains irradiated and unirradiated target materials used to generate transuranic
radionuclides. This material could be used to support such national programs as space exploration or
medical research. These targets are typically aluminum clad plutonium oxide and have been heavily
irradiated. This material will continue to be stored at SRS pending future programmatic decisions to
recover the isotopes. This group represents approximately less then 0.1 MTHM of the 68 MTHM
included in this EIS.

Group F: This group consists of fuel clad in material other than aluminum, zirconium or stainless steel
for example. The approximately 20 MTHM of material in this category will be sent to the INEEL at
some point in the future to be prepared for disposal.

As noted above, the melt and dilute technology has been selected as the primary alternative to traditional
chemical processing for preparing aluminum based SNF for ultimate disposal. DOE has been developing
the melt and dilute technology in the laboratory for approximately 5 years. A detailed program, schedule
and approach has been laid out that will result in implementation of this technology and the start of
stabilization activities in late 2008. The basic approach is to demonstrate the technology on a small scale
prior to initiating the majority of the design effort for what is referred to as the Treatment and Storage
Facility (TSF).

As a back-up to the melt and dilute technology, DOE will continue to evaluate the possibility of direct
disposal and direct co-disposal and would pursue implementation of these options if melt and dilute were
found to not be feasible. In addition, if DOE identifies any imminent health and safety concerns
involving any aluminum-based SNF before TSF becomes operational, conventional processing will be
used to stabilize the material of concern. The melt and dilute technology is fully compatible with and
supportive of the nonproliferation objectives of the United States.

With the selection of melt and dilute as the alternative treatment technology for aluminum SNF, DOE
also determined that the most cost-effective approach to construct TSF would be to utilize the old 105-L
reactor building to house the treatment portion of the facility. This approach eliminates the need to
double handle the SNF by using an existing pathway from the water storage basin into the room where
the melter and associated equipment will be located. This room, referred to as the process room, is
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heavily shielded and can be easily modified to accommodate the TSF equipment. Modular dry storage
outside of the 105-L facility will be used to store the SNF canisters while they await shipment to a
geologic repository.

In order to eliminate uncertainties in the design of TSF and to prove the technology, DOE has decided to
construct the L-Area Experimental Facility (LEF). LEF is a small scale, single assembly melter that will
closely model the planned processes for TSF. Construction on LEF is under way and should be complete
by September 2001. Once operational, LEF will undertake an 18 to 24 month testing program that will
collect data on the performance of all of the systems that will comprise TSF. Eight assemblies that
provide bounding characteristics (e.g., enrichment, U-235 loading, irradiation history) for the fuels to be
stabilized in TSF have been selected for the testing program.

When constructed and operational, the TSF is projected to include the following process steps [5]. Cask
receipt and unloading capability will be provided through the existing L-Basin early on but the ability to
receive and unload a cask directly into TSF will be considered. Fuel will be cropped and stored
temporarily in underwater bundles until scheduled for TSF. Fuel will then be moved via underwater
canal into the process room where it will be characterized and resized if necessary. The fuel will be
placed into the melter, having been selected to ensure appropriate isotopic concentrations in the end
product. Fuel will be preheated to dry it followed by melting and diluting with depleted uranium. The
molten alloy will be sampled and analyzed and when acceptable will be cast into ingots approximately
40.6 cm. diameter and up to 83.8 cm. long. The ingots will then placed into the SNF disposal canister
which is evacuated, sealed, and decontaminated. Weight, dose rate and other parameters will be
measured prior to placing the finished canister in modular dry storage.

Many of the functional performance requirements of the TSF are relatively well defined at this point. For
example, the SNF will be heated to 200 degrees C for two to four hours to remove free water. Fuel
assemblies or pieces can weigh up to 13 kilograms prior to charging. The melter will be operated in batch
mode with a maximum batch size of 25 assemblies. The melter must have the capability to stir the molten
constituents to ensure a homogeneous mixture. The melter will be capable of melting and heating 300 to
400 kilograms of aluminum from ambient to a temperature of 800 to 1000 degrees C in a short period of
time. Analytically, TSF's systems must be able to determine the U-Al composition and the U-235
enrichment to within five weight percent. Sufficient convection cooling must be available to solidify the
molten alloy within two hours. The disposal canister, once fully loaded with ingots and sealed will weigh
up to 2,250 kilograms and with natural convection cooling be maintained at a temperature less than 200
degrees C during storage.

Current plans call for the TSF to be operational in the last quarter of FY 2008. Projected fuel inventories
coupled with TSF's planned throughput will allow for the deinventory of L-Basin, i.e., stabilization of
available aluminum clad SNF, by 2022 [6]. Production of an average of one canister per week is
currently planned. If conditions or cost warranted, higher production rates can be achieved. With
continued operation on an as needed basis beyond 2022, the total number of canisters projected to be
produced by TSF through 2035 is approximately 400. The design life of TSF will be 40 years.

The TSF is estimated to cost on the order of $240 million for design and construction. Once operational,
annual operating costs will be on the order of $24 million per year. The current schedule for TSF calls for
the completion of conceptual design work in September, 2002 followed by the initiation of design efforts.
Design for TSF will be completed by September 2005 and construction will begin. Operation during the
last quarter of FY 2008 is planned. The LEF will remain available during the design and construction
phases of TSF to provide support for the resolution of any technical issues that may arise.
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DOE and SRS have begun to think about the application of the melt and dilute technology to other
problematic special nuclear materials at other DOE sites or around the world. The concept of a small-
scale complete unit that includes a melter, off gas system, analytical capabilities, and canister loading has
been postulated. This small scale, relatively low cost unit could be constructed inside an existing facility
and provide a disposal mechanism for materials that otherwise might require long term storage with no
clear path to ultimate disposal. As the design of TSF is finalized, the concept of applying its technology
on a smaller, modular scale will be further developed.

Conclusion

The U.S. has documented a path forward for preparing existing and projected future inventories of
aluminum clad SNF for ultimate disposal. We have embarked on a technology development and
demonstration program that should result in the construction of a treatment and storage facility at the SRS
by 2008. This facility will melt aluminum clad spent nuclear fuel and dilute it with depleted uranium
resulting in a material form that will be acceptable for disposal in a geologic repository. This treatment
technology appears to be scalable and could be implemented at other locations for stabilization of other
aluminum spent fuel inventories.
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