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Safety issues for storage and transport of used fuel

What will be the materials state 10 / 20 / 100 years from now ?
> Clad / Canister / Cask must retain integrity during handling, storage, and
transportation

USED FUEL DISPOSITION CAMPAIGN
Gap Analysis to Support
Extended Storage of
Used Nuclear Fuel

Fuel Cycle Research & Development

Prepared for

U.S. Department of Energy
Used Fuel Disposition
Campaign
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Table S-1. Summary of High- and Medium-Priority Degradation Mechanisms That Could
Impact the Performance of Structure, System, and Components (SSCs) During Extended Storage

SS8C

Cladding

Fuel
Assembly
Hardware

Degradation Importance

Mechanism of R&D
Annealing of Medium
radiation damage
H, effects: High
embrittlement and
reorientation

H; effects: delayed Medium

hydride cracking
Oxidation Medium
Creep Medium

Corrosion (stress Medium
corrosion cracking)

Courtesy Remi Dingreville/SNL

Approach to Closing Gaps

. Long-term, low temperature annealing will be analyzed

through advanced modeling and simulation with some
experimental work to support the model.

A comprehensive experimental and modeling program
to examine the factors that influence hydride
reorientation will be performed, with a focus on new
cladding materials and high burnup fuels. Additional
experimentation and modeling to provide the link
between unirradiated and irradiated cladding
performance will be initiated.

Experimental work combined with modeling will be
initiated.

Experimental work to determine the mechanism for the
rapid cladding oxidation observed will be initiated.
Long-term, low-temperature, low-strain creep will be
analyzed through advanced modeling and simulation
with some experimental work to support the model.

Because the fuel assembly hardware components of
concern are the same or similar to those that also serve
as a cladding, cladding tests and analyses will be
utilized. Collaboration will be initiated with the
Disposal task within the UFDC performing corrosion
testing on similar materials.
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Historical and Projected Commercial Spent
Nuclear Fuel Discharges
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There are 104 operating reactors and 14 shutdown reactors
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Spent Fuel Dry Storage

Single & Dual Purpose Cask

At 50me nuclear reactors across the country, spent fuel
systems basically

is kept on site, above ground, in
similar 10 the ones shown here.
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Dry Storage Systems

Some canisters are designed to be placed vertically in
robust above-ground concrete or steel structures.

Two Types of Spent Fuel Dry
Storage Casks

Some canisters are designed to be stored horizontally in
above-ground concrete bunkers, each of which is about the
size of a one-car garage.

Courtesy NRC
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DRY FUEL CANISTER CASKS

CASK CANISTER NUMBER TRANSPORT NUMBEROF
VENDOR Type OF CANISTERS CASK(S) FABRICATED
FUEL W150 8 TS-125 0
SOLUTIONS

VSC-24 58 None-Storage Only
™ 24PT1, 24PT4 68 MP-187/MP-197HB 1/0
(NUHOMS) 24PT

7P, 12T, 24P 258 None-Storage Only

24PHB!, 32P!, 528

24PTH, 32PT, 32PTH 263 MP-197/MP-197HB 0/0

61BT, 61B8TH
NAC MPC-26, MPC-36 59 NAC-STC 22

uUmMs-24 204 NAC-UMS 0

TSC-37 0 NAC-MAGNATRAN 0
HOLTEC MPC-243, MPC-32 439 HISTAR 100 12

MPC-68, MPC-80

: stim peing losced 8507 12/2011, AN Others “Storsge Only™ canisters Mave not Deen iosded in 8t leest the last Sue yeers

# NAC-STC Casts Fabricazed for Omshore Use Ondy
3 ;nouces Trojan 24E/EF

Courtesy Dan Leduc/SRNL & Jeff Williams/DOE
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BARE FUEL DRY STORAGE CASKS

VENDOR CASK NUMBEROF TRANSPORT LOCATION
CASKS LICENSE
(12/2011)
ACTIVECASKS | TN TN-68 53 71-9239 Peach
(STILL Bottom
LOADED)
TN-40 29 71-9313 Prairie
Island
LEGACY CASKS | TN TN-32 63 NO Surry,
(NOLONGER McGuire,
LOADED) North-Anna
GNB CASTOR 26 NO Surry
V21&X33
NAC [-28 2 NO Surry
Westinghouse MC-10 1 NO Surry

Courtesy Dan Leduc/SRNL & Jeff Williams/DOE '
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Transportation Casks

TYPICAL SPENT FUEL TRANSPORTATION CASKS

IMPACT LIMITER

NEUTRON SHIELDING SHELL
NEUTRON SHIELDING

CLOSURE LID

Generic Truck Cask for Spent Fuel

Typical Specifications

Gross Weight (including fuel): 50,000 pounds (25 tons)
Cask Diameter: 4 feet

Overall Diameter (including Impact Limiters): 6 feet
Overall Length (including Impact Limiters): 20 feet
Capacity: Up to 4 PWR or 9 BWR fuel assemblies

OUTER STEEL SHELL
LEAD GAMMA SHIELDING

INNER STEEL SHELL CLOSURE LID

NEUTRON SHIELDING SHELL
NEUTRON SHIELDING

IMPACT LIMITER

OUTER STEEL SHELL
LEAD GAMMA SHIELDING

INNER STEEL SHELL

Generic Rail Cask for Spent Fuel

Typical Specifications

Gross Weight (including fuel): 250,000 pounds (125 tons)

Cask Diameter: 8 feet

Overall Diameter (including Impact Limiters): 11 feet
Overall Length (including Impact Limiters): 25 feet
Capacity: Up to 26 PWR or 61 BWR fuel assemblies

Courtesy NRC Sandia
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UFD Transportation — Priorities

* Near term: transport of selected fuel rods to support possible off-site testing.

e Medium term: possible transport of UNF from Independent Spent
Fuel Storage Installations to Consolidated Interim Storage Facilities.

- Key transportation emphasis:
Inventory of UNF in dry storage and transfer / transport systems available
Are storage canisters currently transportable?
Repackaging? Standard canisters?
Are transfer systems / transport casks available?
Dual-purpose casks transportable?
Decommissioned sites “first”

* Long term: transport of used nuclear fuel after extended storage

- Key transportation emphasis for R&D:
« UNF may be degraded after extended storage.
e Canisters may be degraded.
* Retrievability issues must be addressed.
 Evaluation of “off-ramps” to mitigate full-spectrum of testing requirements
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Possible Transportation Campaigns

Near-term

transportation

Decommissioned
Sites

Consolidated
Interim Storage
Facilities

Transport after
extended storage

Consolidated Disposal or
Interim Storage Recovery
Facilities and ISFSls Facility

Technical Options for Trans ]
xtended Storage

1. Rely on cladding 2. Repackage UNF | 3. Canister all stored UNF
integrity (standard canisters?)

/ @ Laboratories
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Possible “near-term” transportation
campaigns and issues

Near-term
transportation

Decommissioned mr———
Sites

Consolidated
Interim Storage
Facilities
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One potential scenario requiring
near-term transport of UNF

Regional / centralized interim storage

Connecticut

Laboratories



Post-extended storage transportation:
issues and options

Consolidated Interim Post-Extended Storage

Storage Facilities and
ISFSIs

Disposal or
- Technical Options for Post-Exte
Recovery Facility i T“mm
1. Rely on cladding integrity 2. Repackage UNF 3. Canister all stored UNFe
(standard canisters?)
Supporting data sufficient for post-extended storage Assume degradation of cladding
transport? during extended storage

e Sparse dataon aged, high burnup UNF - :

e Must extrapolate data for extended storage Criticality® &
Verify canister Mitigatione

integrity

Requires Testing of UNF«

DOE TV Complex . , . Neu'"on
Use insert within cask for Poisons
degraded canisterse® MG dariaE
Moderator exclusion® Exclusion
®National Laboratory-related task o <k

2 1Sl

atd

assembli
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Options for post-extended storage
transportation

Identify advantages and disadvantages of the following options for the post-
storage handling of UNF assemblies prior to transport.

1. Develop the technical bases for the assertion that UNF cladding and canisters shall

be intact after extended storage:

— Thermal performance :
_  Radiological performance Technical Bases for Post-Extende

. OPTIONS
— Confinement

—  Sub-criticality 1. Cladding /
— Retrievability canister integrity

2. Repackage UNF assemblies prior to transport into new canisters.

3. Canister all future UNF assemblies prior to storage in transportable canisters.
— Provide criticality mitigations within canisters (assume UNF will degrade).
— “Canister” canisters if they are degraded after extended storage.

Laboratories




FY11 Transportation activities (1)

Developed database of UNF currently dry stored

— Exactly how much fuel is stored at each ISFSI and at the decommissioned sites?

— How is the fuel packaged — bare within dual-purpose casks; canisters

—What UNF would require repackaging prior to transport? Are the canisters
transportable?

— What transfer systems and transport casks would be used to transport UNF?

— Inventory existing dual-purpose casks being used for dry storage that may be used for
transportation in the future — which d-p casks do we need to assess for degradation
mechanisms should they ever be used for transport?

U.S. Dry Storage Details (12/22/2012)

Total . . Primary Alternate Bare Fuel Cask =
Year of . Primary Canister : “Storage  Minimum Lead
License Canister or Canisters or Assemblies Transport Alternative Canister Transport Transportation
B Reacior S e e L';':t" Nendor: CaskiSystem . 7ive  Ciake | Siored Shckage Cosii o T"("J;‘:w“":u“:;'“ Cask  TransportationCask  Cask License (License ug?x“ m%
Loaded " Fabricated? Fabricated? Number)

@ SRNL]P
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FY11 Transportation activities (2)

Test plan for obtaining energy input to cask internals during normal
transport.

UNF may degrade during very long term storage or high burnup. It is important
to know what forces cladding is subjected to under normal transport
conditions to justify transport after extended storage.

Compare applied loads and cladding material properties

i vibrations cladding properties
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I ultimate stress <
Yield poin,

+ Yield Stress e sesiesisen

.............

10 15 20 Stress plastic region

Time, s

Acceleration, mm/s/s
» AR
B28s828

o
"

lastic

300 region

K

E ?g.g Truck at 50 km/h Strain :tltrlar?:te

e i

1= . L Sandia

0 5 0 15 20 National ] :
Time, s Laboratories
/ @ o

National
Laboratories

16



FY11 Transportation activities (3)

Generated a set of Features, Events, and Processes tables that apply
to transportation.

The Storage Work Package prepared a report that listed Features, Events, &
Processes for very long-term stored used nuclear fuel.

The Importance of R&D for some FEPs is higher for Transportation than for
Storage, e.g., canister weld integrity.

Pacific Northwest

NATIONAL LABORATO
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FY11 Transportation activities (4a)
Criticality analyses

Relevant observations and points
* Most UNF is, and will be, stored in multi-assembly canisters.
* There is no assurance (data) that UNF and baskets will not be degraded after very

long term storage.
* This lack of assurance exists regardless of aging-study R&D conducted on UNF,
including high burnup UNF, in the near future due to uncertainty in extrapolating

test results to long periods of storage.

e |f it can be assured that UNF within canisters will remain subcritical under all credible
conditions after extended storage, there would be no need to open the canisters after
extended storage prior to transportation.

Degradation of UNF during extended storage may not preclude transportation.

18
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FY11 Transportation activities (4b)
Criticality analyses

Analyses performed to quantify the increase in reactivity
associated with fuel reconfiguration in multi-assembly canisters.

URECAR )
CRENLT 0TS

The condition of the UNF for these analyses encompasses a

e8l Effects of Fuel Failure
on Criticality Safety
and Radiation Dose for
Spent Fuel Casks

range of damaged conditions.

Options for mitigating the increase in reactivity
due to fuel reconfiguration will be investigated.

Mitigation options include:

— Safety analyses performed for a k. < 0.95 - Ak, .o6ic
* where Ak s, = the maximum possible reactivity increase
* due to fuel reconfiguration.

— Package design modifications.

— Use of control rods or burnable poison rod assemblies in the fuel assemblies.

— Crediting inherent margins /conservatisms, including credit for burnup and cooling time in
the safety analyses, perhaps moderator exclusion. -

OAX RIDGE NATIONAL LABORATORY

19 / @ Laboratories




FY11 Transportation activities (5)

Moderator exclusion: technical basis and process for transport.

This is an alternative to trying to justify the integrity of cladding after very
long-term storage or implementing criticality control mitigations.

Provide a separate component inside of a transportation cask to perform
the watertight function needed to achieve moderator exclusion ensuring
no single packaging error would permit in-leakage of moderator

Inner component can be physically leak tested to demonstrate its watertight
containment function

This concept is believed to satisfy the conditions of 10 CFR 71.55(c)

[ ] «—— Transportation cask lid

A

Insert with affixed
lid becomes an l < Insert (storage canister
inner containment is placed inside)

]

!

1

NL

ldaho National Laboratory

_______________________

<— Transportation cask body

Courtesy Keith Morton/INL
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Integrated Canister-in-Canister Concept
(example from ORNL)

Small canister
provides flexible

Flexible Integrated Modular Nuclear Fuel , ,
disposal options

Storage, Transportation, and Disposal

Canister System (FIRST)

— Multi-modal use and flexibility in all
operations while working within existing
utility framework

— Unique design features to accommodate
future, current, and past proposed disposal

Small canisters in
larger canister for

concepts storage and
— Allows direct disposal (similar to YMP TAD transportation
concept)

— Many secondary benefits
* Including improved characteristics to
accommodate extended storage
— Repackaging could be done at a
consolidated interim storage facility

Sandia
National
Laboratories

Courtesy Jeff Williams/DOE
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FY12 Transportation Priorities

Proceed with a test program to measure the response of UNF cladding to actual loadings
imposed during normal conditions of transport.

Identify criticality mitigation measures for degraded fuel rods contained within storage
canisters.

Continue moderator exclusion efforts — engage the NRC.
Thermal analyses of degraded used nuclear fuel in canisters.

Identify issues related to dry repackaging of bare UNF at ISFSIs into canisters or
transportation containers.

Maintain database of UNF in dry storage. Include dry transfer concepts for canistered fuel
with emphasis on decommissioned sites.

ASME and IAEA collaborations.

Sandia

National
22 Laboratories
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DOE System Architecture Evaluation for
UNF Management

e The Blue Ribbon Commission on America’s Nuclear Future July 29 draft
report to the Secretary of Energy recommends prompt efforts be
undertaken to develop one or more consolidated storage facilities and one
or more geological facilities.

e The Nuclear Waste Technical Review Board has provided input and
comments to the BRC recommending that a “systems” approach to
radioactive waste management be undertaken when considering
consolidated interim storage of used nuclear fuel.

* The U.S. DOE has initiated system-level analyses of the back-end of the
nuclear fuel cycle pertaining to the management of used nuclear fuel from
the current LWR fleet.

Courtesy Jeff Williams/DOE i



UNF Management System Architecture
Evaluation Current Work

B Evaluate an integrated approach to transportation, storage, and disposal
in the waste management system.

B Evaluate the implications of the current strategy for on-site storage of
used nuclear fuel in large dry storage systems on the subsequent direct
disposal of the stored used nuclear fuel in salt, clay/shale, and crystalline
mined geologic repositories and in deep boreholes.

B Factors including emplacement capability, thermal constraints, the need
for re-packaging techniques, storage alternatives, transportation, impacts
on utility operations, etc. will be considered

Courtesy Jeff Williams/DOE :



Svstem Architecture Evaluation
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Reactor

Facility - Existing
Systems: through
2011

™ — cme e

Dry Storage
Facility - Existing
Systems: 2011
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Dry Storage Facility —
Existing Systoms:
Transition to WP Size
Canisters

* Canisterized Fuel,
Existing Systems

Existing Systems

-~
-
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~

Canisterize Fuel
For Direct Shipment

Transport Fuel in
e e-Usable Transportation s
Casks (Bare Fuel)

Canisterize Fuel
For Direct Shipment
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w=Canisterized Fuel =

-

= === . Canisterized Fuel
WP Size (1,4,12,21)
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~

Consolidated Interim

Existing Systems

Repackaging

Storage I
Existi I Rof i i
Dry Storage: ng ~ b Canisterized Fueles s Iﬂtom o~ | —
Systems Existing Systems ister
L ng Sys! Canisters Cansul;nzad
>
¥y WP Size
l (1.4.12.21)
Canisterized
Fuel
If at Repository, - WP Size
Transport Fuel in /l (1.4.12.21)
Re-Useab)
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Casks (bare fuel) l
— — | — — — — — Canisterized Fuel
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Canisters

WP Size (14,12,21)

wet storage pool)

5a. Existing dry storage systems
5b. WP-sized dry storage systems (1,4,12,21)

1. Wet Storage Fuel Management
1a. Transfer to dry-storage to maintain full core off-load capability
1b. Accelerate transfer to dry storage (age = 5 yr)

2. Continue off-loading of fuel in wet storage pools into existing sized dry storage systems

3. Initial off-loading of fuel in wet storage pools into existing sized dry storage systems — transition
to WP-sized dry storage system at T = 20xx.

4. Transport all fuel in wet storage pool to ISFSI (when operational and has wet storage pool) in re-
useable transportation casks

5. Canisterize fuel in wet pool for direct shipment to ISFSI (when operational and does not have a

25

1b. Transfer to

ment:

. Bare fuel storage capability at CIS
1a. Maintain fuel in bare storage

1a-1. Wet storage pool
1a-2. Bare fuel vault

1c. Transfer to waste package compatible sized canisters

. Re-packaging locations
2a. Direct disposal of Canisters

2b. ALCIS

2b-1. At receipt

2b-2. Prior to transport to repository

2c. At repository

3a. Wet
3b. Dry

4a. Store as-is

4b. Repackage into waste package compatible size canisters

and store

. Re-packaging technology alternatives

. Received fuel at CIS in existing dry storage system sized canisters

Courtesy Jeff Williams/DOE
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Used Nuclear Fuel:
Transportation, Storage, Disposal Logistic Simulation

* The DOE Office of Civilian Radioactive Waste Management developed

transportation, storage, and disposal simulation tools
— CRWMS Analysis and Visually Interactive Model — CALVIN

— Transportation Operations Model - TOM
— Total System Model - TSM

* Development stopped in 2009 and existing tools are reflective of the used
nuclear fuel management system in place at that time

 Efforts underway to update and modify the existing software (CALVIN and
TOM) to support used nuclear fuel management analyses (i.e., the UFD
System Architecture Study)

* Tool development and UFD System Architecture Study are closely
integrated

26 Courtesy Jeff Williams/DOE




Transportation:
Collaborative Activities and Interactions

SETTING THE STANDARD

NUCLEAR ENERGY INSTITUTE

* Industry SR

e Government organizations and advisory groups
DOE NRC NWTRB  NEAC

27




