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Observations

e The light-water-reactor (LWR) fuel cycle was
designed for recycle of spent nuclear fuel (SNF)
and evolved into a once-through fuel cycle

e A once-through system designed as a once-
through system would be significantly different
from the existing one

e Proliferation, safeguards, security (terrorism),
and economics suggest that the once-through
fuel cycle needs to reexamined

e A new approach to SNF cask operations and
design should be considered
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Traditional Spent Nuclear Fuel
(SNF) Management Strategy
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Traditional Approaches to SNF Management imply
Multiple Handling of Individual Assemblies with
Associated Costs and Risks
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A New SNF System Is Proposed to
Accomplish Two Objectives

e Minimize SNF handling
— Avoid SNF transfer risks
— Avoid SNF transfer costs

e Transfer SNF quickly into secure
packages (Super Casks)
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Multipurpose Cask System

OAK RIDGE NATIONAL LABORATORY
U. S. DEPARTMENT OF ENERGY UT-BATTELLE




SNF Is Placed in a Multipurpose Cask
(Mobile 100-ton Vault) and Never Removed

(SNF Is Loaded at Reactor into Cask; Cask Is Used for Storage, Transport, and Disposal)
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The Multipurpose Cask Has Multiple Functions
(Handling, Shielding, Protection, and Safeguards)

Dry Store Transport Repository Disposal
(At Reactor)

Cask Removable Repository
Overpack Overpack
§ o il Janspor (@ ome22) Surface Facility
2> P Cask Minimal Facility
23S = No SNF Shuffle
£ (Surface Store SNF
~ for Heat Management)
I

X . Underground

(Intact Package)
No Remote Operations
Redundant/Alternative Barrier

Multipurpose Cas

* One-Time SNF
» Container
+ Shielding
* Protection
- Assault
- Accidents
+ Safeguards

OAK RIDGE NATIONAL LABORATORY
U. S. DEPARTMENT OF ENERGY UT—BATTE(I;LE)




Overpacks Address Conflicting Storage, Transport,
and Disposal Requirements of Multipurpose Casks
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Strategy Minimizes SNF Pool Storage

(Security Concerns: Drainage of Water with Fire and
Low-Security Buildings over Pools)
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In Severe Environments, Casks Have Potential
Advantages over Pools and Other SNF Storage Methods

(Casks Used to Meet German Aircraft Collision Resistance Requirements)
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German Rail Gun for Testing Casks:
1-ton Projectile at 300 m/s
(Simulate Aircraft Jet-Engine Rotor)
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The Characteristics of Multipurpose Casks Provide
Protection Against Theft or Diversion

Fuel Assembly

~J

Low weight (~1/2 ton),
small size
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Multipurpose Cask

Large weight (>70 tons),
large size, detectable from
from orbit, option of
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Super Cask
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Cermets (Ceramics in Metal Matrix) Are
the Enabling Technology for a High-
Performance Super Cask
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The Composition Across the Cermet Can Be
Varied to Maximize Performance

Ceramics for Armor
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DUO,-Steel Cermets Are Excellent Shielding

Materials That Maximize Cask Capacity
(Capacity Strongly Impacts Economic Viability)

Steel Jacket
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L S T - High thermal conductivity
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DUO, Cermets Are Superior Shielding Materials

(Source Term From 21-PWR Yucca Mountain Waste Package)
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Conclusions

e Protection of SNF is enhanced by
— Reduced operations
— SNF placement in strong casks

e Multipurpose cask minimizes handling

o Cermet casks maximize resistance against
all types of adverse events

e The once-through fuel cycle should be
reexamined in light of new technologies
and changing conditions
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Backup Viewgraphs
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Multipurpose Casks Are Becoming A
Credible Option for Several Reasons

e Progress on the Yucca Mountain Project is
defining the repository requirements for
the cask

e Increases in safeguards and security
costs are creating an interest in
alternatives

e Merging of electric utilities implies that
only a few utilities must agree to such a
system before is becomes viable

e New materials technologies are emerging
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DUO,-Steel Cermet Multipurpose Casks Are Being
Investigated for Beneficial Use of Depleted Uranium
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SNF Assembly Slot
(22.64 cm x 22.64 cm

x 458.5 cm)
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Multipurpose Casks May Significantly Reduce

Repository Surface Operations, Risks, and Costs
(Meet Waste Package Decay Heat Limits by Storage, Not Sorting of SNF)

Current System
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Multipurpose Cask System
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Cermet Benefit: Cermet Casks May
Enhance Protection Against Assault

e Hard/soft layers are used
in bank vaults and tank
armor

Wumm meroy o NONn uranium cermets are

(Limited

i A used in tank armor
Impact Resistance .
:Egi;‘:'\é\/eilgl Passive Cooling ® Cermet propertles
o imeamenoy  harden casks against
:FIEL%:?EZ%;? Inertia assa u It
7 - — DUO, hard layer
S — Soft ductile steel layer

e Design trade-offs are not
well understood
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