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The United States and Russia have
been Examining Cermet Spent Nuclear
Fuel (SNF) Casks

Storage, Transportation, and Waste Disposal

TR

o

e Multiyear program

e Several factors have created
an interest in cermet casks

— New fabrication methods

— More emphasis on physical
protection

— The availability of depleted
uranium dioxide (DUO,)

— An understanding of how
waste package (WP)
composition can improve
repository performance

e Paper summarizes results

e References in the paper to ‘
the detailed reports GNS Storage and Transport Cask
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Cermets Combine the Best Properties
of Ceramics and Metals

Ceramics: Shielding, Hardness, etc.; Metals: Strength, Ductility, etc.
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Outline: Cermet Casks

e System applications

e Shielding performance
e Assault protection

e Repository performance

— Optimized geochemical environment
— Neptunium and technetium sorption
— Nuclear criticality

e Depleted uranium (DU) disposal
e Co-disposal of SNF and DU

e Fabrication

e Conclusion
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System Applications
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Cermet Casks have Multiple
Applications

Overpack for Transportation, Aging, and Disposal (TAD) Canister; Shielded TAD;
Component of WP

Dry Store Transport Repository Disposal
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Shielding Performance
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DUO,-Steel Cermets are High-
Performance SNF Casks

e Maximize number of SNF
assemblies based on
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@/ 100 & \\ to neutron dose control
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Assault Protection
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Cermet Casks can have
Extraordinary Resistance to Assault

e Cermets are a traditional
form of tank armor

— Ceramic breaks up
shaped charge or
penetrator

— Metal absorbs the energy

e SNF Casks are heavy
relative to military tanks

— Main battle tank: 70 tons
and large

— SNF rail cask: 100 tons
and much smaller

German Rail Gun for Testing Casks:
1 Ton Projectile at 300 m/s
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Repository Performance
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Cermet WPs (Fe and DUO,) may
Offer Superior SNF Waste Isolation

e Cermet WP composition (metals and
ceramics) chosen to limit radionuclide
migration

e Multiple mechanisms for better
performance

— Control of geochemical environment
— Neptunium and technetium sorption
— Nuclear criticality control
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Uranium Oxide and Metallic Iron
Deposits have Slow Water Flow, Gas
Diffusion, and Oxidation

Natural UO, Ore Deposits
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Cermet WPs Slow
Radionuclide Migration
by Similar Mechanisms
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Uranium Oxides Slow Release of
Neptunium and Technetium

e Experimental data mea
Indicates uranium oxideS i
slow radionuclide )
migration - £ e
- Neptuniur - rAE
— Technetium (less data) "ot luza ,_,JJM

e EPRI analysis indicates e P e
major impact on Yucca s e o (R
Mountain (YM) e // F & |
performance -

e Added DU should provide .
further benefits EPRI YM Assessment
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DU Cermet Casks Reduce Long-Term
Criticality Issues In the Repository
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e Most fissile isotopes decay to longer-
lived uranium isotopes before large-
scale WP failure

e Long-term repository criticality issues
are 23U and 233U

— 23%U: T,, =700 - 10° years
— 23U: T, =1.6 - 10> years

e DU in cermet WP isotopically dilutes
SNF uranium fissile isotopes (>3 tons
DU per ton of SNF)

e Average WP enrichment: <<1%
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Depleted Uranium
Disposal
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WPs Provide a DU Disposal Pathway

e World inventory
~10° tons DU

e Hazardous
— Alpha: ~100s nCi/g
— Toxic heavy metal

e Repository use
— Cermet WP

e Engineered
barrier

e Beneficial use
— Safe disposal

Paducah Gaseous Diffusion Plant Cylinder
Storage of DU (14-ton Containers)
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Co-Disposal of
SNF and DU
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Cermet WPs Enable Co-Disposal and

Co-Recovery of DU and SNF

The Future iIs Uncertain; if the Future Adopts a
Closed Fuel Cycle, the WP has the SNF and DU
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Fabrication
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Cermet Fabrication

e Cermets are extraordinary materials; but
— Difficult to fabricate
— Almost impossible to weld

e Cermet SNF cask viability depends upon
economic fabrication methods

e Three viable fabrication methods examined
— Forged cermet cylinder (FCC) process
— Cermet extrusion section (CES) process
— Casting

e CES process is the currently preferred option
— Lowest front-end capital equipment cost
— Fewer uncertainties
— Allows for variable-composition cermet
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Cermet Extrusion Section Process
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Conclusions

e International consortium has examined cermet
cask options

e Cermet casts are technically viable
— Preliminary economic analysis is favorable

e Cermet cask system can integrate
— SNF physical protection
— SNF storage
— SNF transport
— Integrated SNF and DU disposal

e Significant R&D remains
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Abstract
Cermet Spent Nuclear Fuel Casks and Waste Packages

Scientific Basis for Nuclear Waste Management XXX; Materials Research Society Fall Meeting
Boston, Massachusetts; November 30, 2006

Charles W. Forsberg and Leslie R. Dole
Oak Ridge National Laboratory; P.O. Box 2008, Oak Ridge, TN., 37831
E-mail: forsbergcw@ornl.gov

Multipurpose transport, aging, and disposal casks are needed for the management of spent
nuclear fuel (SNF). Self-shielded cermet casks can outperform current SNF casks because of
the superior properties of cermets, which consist of encapsulated hard ceramic particulates
dispersed in a continuous ductile metal matrix to produce a strong high-integrity, high-thermal-
conductivity cask.

A multiyear, multinational development and testing program has been developing cermet SNF
casks made of steel, depleted uranium dioxide, and other materials. Because cermets are the
traditional material of construction for armor, cermet casks can provide superior protection
against assault. For disposal, cermet waste packages (WPs) with appropriate metals and
ceramics can buffer the local geochemical environment to (1) slow degradation of SNF,
(2) reduce water flow though the degraded WP, (3) sorb neptunium and other radionuclides that
determine the ultimate radiation dose to the public from the repository, and (4) contribute to
long-term nuclear criticality control. Finally, new cermet cask fabrication methods have been
partly developed to manufacture the casks with the appropriate properties. The results of this
work are summarized with references to the detailed reports.
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Forged Cermet Cylinder Process
United States Patent: 6,811,745: November 2, 2004
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Casks can be Constructed of a DUO,-
Steel Cermet: 3-8 kg DU/kg SNF

Manufacturing Demonstrated for Small Objects: Cermets were Used as Fuels in Some Reactors

Cermet Applications
Shielding
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Cermets Maximize Cask SNF Capacity
Because of Superior Shielding

Cask Weight and Size Constrained; Strong Economic Incentives to
Maximize Number of Fuel Assemblies per Cask
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* Gamma Shielding Better Than Steel
- Steel: 7.86 g/cm?®
- DUO,: 10.9 g/cm?

* Neutron Shielding

- High-density oxygen (DUO,) moderator
- Other neutron absorbers can be added

* Good Physical Properties

- High thermal conductivity
- No organics (no fire; acceptable to repository)
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SNF In Cermet Cask Oxidized Slowly

by Oxygen in Groundwater

ldealized Thermodynamic Calculation: Oxygen Only from Groundwater
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Some Uranium Ore Deposits have
Remained Intact for >10° Years:
Similar Mechanisms for Cermet WPs

DUO, is the Only Sacrificial Compound to Preserve SNF UO, Under All Conditions
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