ICEM'09/DECOM’'09

Contingency Options for the Dry
Storage of Magnox Spent Fuel in the UK

Jenny Morris, Phil Richardson, Steve Wickham (Galso  n Sciences Ltd);
Col Rhodes (NDA); Mike Newland (UKAEA)

Session 41: Transportation and Storage of HLW, Fiss  ile, TRU and SNF

Liverpool
14t October 2009

Aih Galson

"'""ry SCIENCES LTD



Outline

Contingency Magnox Spent Fuel Storage Options
— an NDA Direct Research Portfolio project

Options for dry storage — this talk

Options for drying, conditioning, packaging — later In this
session

Background, scope, methodology
Vault facilities
Cask faclilities

Silo facilities
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Magnox Spent Fuel Contingency Plans

Obijective

To consider potential alternative management option s for
Magnox spent fuel in the UK

Focus on drying and dry storage of formerly wetted fuel, as
an alternative to reprocessing

International literature review and expert workshop S

Funding
NDA Direct Research Portfolio (DRP) — Lot 4 (Actinid e and
Strategic Materials)

Contributors

Technical lead - Galson Sciences Ltd. (GSL)

UKAEA Ltd. (supporting role — DRP consortium leader)
Various associates (ex-Magnox)
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Background

Magnox fuel
Used in first generation of UK civil reactors
Uranium metal clad in Magnesium alloy

Not suitable for extended wet storage, as both uran  ium
and magnesium react with water

Wetted fuel is chemically reactive, not passively s  afe
for long term dry storage or disposal
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Background — NDA Strategy

Current NDA strategy

Magnox Operating Programme (MOPS8) - aims for all
Magnox spent fuel to be reprocessed by January 2016

Short term wet storage (mostly) in FHP pond priort o
reprocessing at Sellafield

Other fuel in operating and shut down reactors and
some reactor ponds

[ Station Ponds [ FHP Fond [l Limit Line [ Control Point 3 [ Control Point 1
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Contingency Plans

Project considered possible alternative
management options for Magnox fuel in the
event that reprocessing of some or all of
the remaining inventory is not possible

Retrieval, drying and packaging
Covered in later talk at 10.30

Dry storage
Review of dry fuel storage opportunities
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Storage of Magnox Spent Fuel

Relevant Stores / Store Designs

Vault Cask
Wylfa (UK) CASTOR (Germany)
CASCAD (France) BNFL TranStor (US)

Paks MVDS (Hungary)
Chalk River (Canada)

Silo
AECL Silo (Canada)
NUHOMS (US)
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Vault Store Design

Vault Storage

Concrete structure
containing storage tubes
(wells or pits)

Shielding provided by
building structure

Spent fuel can be bare or
containerised

Fuel is stored in tubes and \ |
heat removed by convection  swome g
of air across the external e
surface of the well

SHIELDED
VAULT
WALL
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After Springfields Fuels Ltd. (2008)

Vault Storage - Wylfa

Primary Dry Store

Magnox fuel is discharged directly into the
primary dry stores by the reactor fuelling
machine. Vault store with steel tubes

99.8% CO, atmosphere to limit Magnox and U
oxidation

MAIN BUILDING

LOCATION OF CELLS 1,283 \BF! IDGE OVER ACCESS SHAFT
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Vault Storage - Wylfa

Secondary Dry Store

For 150-day cooled Magnox fuel.
Fuel transferred from the primary
dry stores and cooled in skips in
air at sub-atmospheric pressure

Fuel was dry-stored for ~ 25 years
with no subsequent handling and
reprocessing problems

Where fuel was accidentally
wetted, the cladding was
corroded. Containment was not
threatened and no increases in
radioactive discharges from the

store were observed After Maxwell and Deacon (1982)



Wylfa Secondary Dry Store

Fuel stored in open-ended steel
tubes arranged in skips (12 by 16
array)

6 rows of 25 skips



Vault Storage — CASCAD

CASemate CADarache, CEA, France

Spent fuel from CEA research reactors, French
naval reactors and UNGG fuel from early French
gas-cooled reactors

Stored in helium-filled canisters in vertical wells

After Guay and Bonnet (1991) After CEA (2008)



Vault Storage — CASCAD

After IAEA (2003)



Vault Storage — MVDS |

Paks MVDS, Hungary

VVER 440 uranium
dioxide fuel stored bare
In carbon steel storage
tubes filled with
nitrogen

NoO canisters

After Huszak and Bencze (2004)



Vault Storage — MVDS I

ldaho Spent Fuel Faclility, US

Peach Bottom (graphite clad), TRIGA
(Al and steel clad) and Shippingport
(Zircaloy clad) fuels

Fuel packaged into welded canisters at
the facility, filled with inert gas and
placed in sealed storage tubes

Fort St Vrain, US

High Temperature Gas Reactor
fuel elements

Sealed canisters

After Roberts et al. (2003)



Vault Storage — Chalk River

Chalk River, Canada

Legacy Al clad uranium metal fuels to
be retrieved from tile holes and
vacuum dried

Vented canisters

After AECL (2008)



Cask Storage

Cask Storage

Moveable concrete or metal structure provides contai nment
and shielding

No requirement for shielded building (some casks ca n be
stored in the open air)

Heat is removed from spent fuel by convection or co nduction,
depending on materials and cask design

Can be licensed for storage and transport (potentia Iy also
disposal)

CASTOR 440/84 TranStor

After NERS (2006) and NRC (2008).



Cask Storage - CASTOR

CASTOR metal casks, Germany
PWR or BWR spent fuel, cooled for 5 years
Dual-purpose (transport and storage)

Borated stainless steel basket placed underwater
iInto cast iron cask, then drained and vacuum
dried

Gorleben and Ahaus (Germany), Dukovany
(Czech Republic)

After BRWM (2006) and Janberg et al. (1995).



Cask Storage - Transnuclear

Transnuclear TN series metal
casks, Belgium

PWR and MOX spent fuel,
cooled for 5 years

Dual-purpose (transport and
storage)

Stainless steel basket
containing boron and
aluminium, placed
underwater into cast iron
cask, then drained, vacuum
dried and backfilled with He

Doel Storage Facility
(Belgium)

After Johnson and Saverot (1997).



Cask Storage - TranStor

BNFL TranStor concrete casks, US
PWR and BWR spent fuel, for both transport and stor  age

Fuel placed in carbon steel basket containing boron
plates underwater in reactor pond. Welded stainless steel
canister provides containment

Transport overpack (stainless steel and lead) provi des
shielding during loading and transfer operations

On arrival at storage location, the canister mustb e
transferred to the reinforced concrete storage over pack,
which is vented for cooling and provides protection and
shielding

Can then be stored in the open air



Cask Storage - MACSTOR

MACSTOR concrete casks, Canada

CANDU spent fuel, cooled for 6 years, is placed in
stainless steel baskets for cooling underwater. The se
are transferred to galvanised carbon steel canister  s.

Each MACSTOR module holds 20 CANDU canisters
(alternatively two LWR canisters). Casks are stored In
the open air.

After Allan and Dormuth (2001).



Silo Storage

Silo Storage

Monolithic or modular immovable
concrete structure provides
containment and shielding.

AECL Concrete Silos
Designed for CANDU natural uranium .

Reinforced concrete canister with
welded steel inner liner, containing nine
vertically stacked fuel baskets.

NUHOMS Silo Storage

Designed for PWR and BWR spent fuel.

Fuel loaded into basket and stainless
steel canister underwater.

Canisters are horizontally loaded into
reinforced concrete modular storage
modules.

After NWMO (2004).

After Korea Institute of
Nuclear Safety (2004).



Summary — Vault Storage

Storage Design Fuel Type Applicability to Magnox Spen t Fuel
\1/\%”2 Dlg7 il Magnox Fuel Proven for dry Magnox fuel.
No problems with the handling and
UL BTy (el Magnox Fuel reprocessing of fuel after dry storage for

4 and 5

extended periods (~25 years).

CASCAD Dry Store,
Cadarache (France)

Research Reactor and
UNGG Fuel

UNGG fuel is a close analogue of Magnox
fuel.

F::ﬁgl\gx,g)s VVER 440 Fuel The Fort St. Vrain, Idaho and Paks MVDS
_ HTGR. Peach Bottom. de_3|gns also incorporated a recqptlon
Fort St. Vrain / ISF TRIGA and Shiopinaoort building to dry the wetted fuel prior to
MVDS (US) Fuel ppINgp emplacement within the vault.
Uranium metal fuels are stored in vented
Chalk River Metallic Uranium Legacy |canisters in air, allowing hydrogen gas to
(Canada) Fuel be vented and preventing the formation of

uranium hydride.




Summary — Cask and Silo Storage

Storage Design |Fuel Type Applicability to Magnox Spen t Fuel
CASTOR Metal Magnox spent fuel has not previously been stored in
PWR and
Casks casks.
BWR Fuel

(Germany)

Transnuclear TN
Series Metal Casks
(US)

PWR Fuel

Casks have inserts designed for specific fuel types to
achieve optimum packing density while avoiding
criticality in enriched uranium fuels.

PWR/BWR
BNFL TranStor and Casks are commercially available, can be used for
Concrete Casks Research |transport and storage and the BNFL TranStor cask has
(US) Reactor previously been used to store metallic uranium legacy
Fuels spent fuel from INEEL and research fuels from the FFTF.
MACSTOR
Concrete Casks  [CANDU Fuel(There is no criticality hazard with CANDU natural
(Canada) uranium fuel; therefore this system is unsuitable for
AECL Silo Storage CANDU FEuel Magnox spent fuel.
(Canada)
NUHOMS Silo PWR Fuel The NUHOMS silo system incorporates neutron

Storage (US)

absorbing panels for criticality control.




Conclusions

Numerous example of long-term interim storage facil ities

for spent nuclear fuel — some of relevance to Magnox
Storage of Magnox or Magnox-like spent fuel, both dry and
dried after pond storage

Wylfa dry vault store experience demonstrates that
Magnox fuel can be successfully stored in dry air w ith
suitable controls

Storage in air reduces potential for UH 5 formation
Other dry vault store designs are potentially suita ble for

Magnox but would need to be combined with a drying
process for wet Magnox fuel

Cask storage is possible but casks are sealed and d ifficult
to monitor — potential for UH  ; formation

Suitability for disposal

Silo storage has similar difficulties to cask stora  ge and
waste may not be easily retrieved and transported



