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The following presentation will:

Define Exofics and the strategy for managing them

Provide an overview of the fuels, how they are managed and
elevant lessons learned

INTRODUCTION



Nuclear Decommissioning Authority owns
and manages spent Magnox, Advanced
Gas Reactor, legacy and residual fuels from
reprocessing activities in the UK

Amongst this inventory is a group of fuels
referred to as ‘Exofic’

Exotics fuels covers non-standard, research
Nd prototype reactors




PROTOTYPE REACTORS AND SPE
FUEL MANAGEMENT




Construction started in 1953
Calder Hall (4 reactors built)

Further prototypes were built at Chapelcross
(4 reactors)

Graphite moderated, carbon dioxide
cooled, 20MW e)

Fuelled with natural uranium clad in Magnox

Most Magnox fuel from these reactors was
processed

as the preferred management

FIRST GENERATION
MAGNOX PROTOTYPE REACTORS



Magrox was a proposed replacement for
Magnox fuel

Mechanism for extending Magnox station lives

Based on low enriched standard AGR pins in a
skeleton designed to fit info a Magnox fuel
channel

Only one trial batch of fuel was made
Iradiated at Calder Hall

All fuel was manually dismantled in the
Active Handling Facility (Sellafield)

Some of the fuel was subject to destructive
post irradiation examination

t pins and pieces were packed into welded
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A parallel development programme on fast reactor was
initiated in Scotland with the construction of DFR in 1955

DFR was a 15 MW(e), sodium-potassium cooled fast reactor
system

Built as a proof of concept, it was later used as a test bed for
prototype PFR fuel

Core divided intfo zones from inner driver fuel (fissile) to breeder
blanket material (fertile)

Driver fuel was 75% enriched U-7%Mo clad in Niobium (singe rod
design)

Breeder material was stainless-steel clad natural uranium ‘pucks’
Spent fuel management was based on reprocessing
Most driver fuel has been reprocessed at Dounreay
erial has been reprocessed at Sellafield

‘FOURTH' GENERATION
DOUNREAY FAST REACTOR (DFR)



WAGR was a 36 MW(e), graphite moderated/reflected
carbon dioxide cooled gas reactor

Increased thermal efficiency over the Magnox system was
achieved through operating at a higher temperature

Fuelled with low enriched UO, fuel clad in stainless-steel

Apart from proving the reactor system and collecting vital
safety dataq, it was used as a test bed for fuel development

and performance

Irradiation experiments included:
Changes in fuel enrichment (0.4-12.5% 235U)
Fuel pellet development

M AN

SECOND GENERATION /
WINDSCALE ADVANCED GAS REACTOR

(WAGR)



Example of a slofted
can for intact pins

All the fuel was manually dismantled after
irradiation

A large amount was subject to destructive

PIE

Dismantled fuel was incorporated info a
variety of stainless-steel pond storage cans

Remaining fuel is wet stored

Performance in storage is like commercial
AGR fuel (CAGR)

Issues associated with storing the fuel
generally applicable to all legacy PIE



Around 2010, some 40-year wet stored WAGR fuel,
that had been stored in screw top cans, was
repacked

Findings:

All cans were flooded

Some cases a sludge had formed on the outside of
cut pins/pieces

Unexpected metallic items found:

ead weights

LEGACY WAGR PIE



DRAGON REACTOR

Dragon, operated between 1966 and 1975, was a 20 MW(th),
helium cooled high temperature gas reactor

Built at Winfrith, Dragon was a first of its kind OECD project

Fuel is vastly different from other prototype power reactor fuels

Graphite fuel compacts (graphite support holding fuel kernels)

Fuel kernels

Highly enriched fuel particles coated with multiple protective layers of
pyrocarbon and silicon carbide

Ratio of graphite to fuel is high

25 different variants were tested of varying compositions including: UC, + C,
Th, U)C,, (Zr, U)C

ision has been made to classify it as

e

. e

| 2 7
//

: 7



SGHWR, operated between 1967 and 1990, was a 100 MW(e)
light water-cooled heavy water moderated pressure tube
type reactor

Fuelled with low enriched UO, fuel clad in Zircalloy-2

Most development studies related fo proving the reactor
system. Fuel development was relatively modest.

Changes in fuel enrichments, rod lengths and rods per cluster

Optimised design was a 57-rod cluster, earlier designs included
36 and 60 rods

Exception was the irradiation of a prototype ‘FUGEN’ MOX FA

SGHWR fuel management was based on reprocessing

Spent fuel was routinely transported to Sellafield between 1972
and 1994

ne fuel. Operational issues related to:
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THIRD GENERATION » 7
STEAM GENERATING HEAVY WATER REACTOR
(SGHWR)



PFR was a 250 MW(e) sodium cooled fast reactor,
construction started in 1966, operational 1975-1994

Basis for the commercial fast reactors

Like DFR fuelling is zoned from the inner to the outer

Fuelled with (22—28 w%, 2%U + Pu) UO,-PuO, pellets clad in
stainless-steel (PE16, M316 and F\/548)

Most fuel has been reprocessed at Dounreay

el is dry stored at Dounreay and comprises
pins/fuel debris in stainless

FOURTH GENERATION
PROTOTYPE FAST REACTOR (PFR)



PFR fuel is challenging in terms of transport and disposal
Security and Safety
For example, criticality safety in transport and under accident conditions has led

to the requirements for moderator exclusion design of transport cask
Compared to thermal reactor fuels

higher enriched

higher burnup (peak of 200 MWd/tHM)
Inventory also includes mixed carbide fuel

> re the uranium carbide is in the form of particles that are
or carbide fuels rely on



RESEARCH REACTOR FUEL




Most research reactor fuel was reprocessed at Dounreay

Research reactor fuel remaining in storage
Graphite Low Energy Experimental Pile (GLEEP)
CONSORT

Jason

Reactor Type Reactor Fuel Management (original plan)

GLEEP Pile Nat U in aluminium cans Disposal as ILW to a GDF
Conditioned wasteform (epoxy coated and grouted into a
S500L drum)

(Store until reactor is decommissioned)

CONSORT Pool HEU U/Al Plate Wet store pending disposal to a GDF
(Reprocessing at Dounreay)

Argonaut HEU U/Al Plate Wet store pending a decision




RESIDUAL FUELS FROM REF
ACTIVITIES




PFR reprocessing facility was designed to be able to Thorp was shutdown in 2018. Residual overseas fuels
repdroHcEeUss a range of difficult fuel Including MOX a included:
an

Services were marketed in late 1980/early 1990s
Facility was shutdown in 1994

Standard power reactor MOX
Damaged power reactor oxide fuels

UKAEA manufactured or owned fuels that had
Overseas fuels remaining in storage after shutdown been irradiated overseas as part of collaboration
included: programmes

For example, BR3 Vulcain core fuel (Up to 9%
235U UO2 stainless steel clad HWR fuel assemblies)

MOX fuel elements or assemblies

RESIDUAL FUELS FROM REPROCESSING
ACTIVITIES



Fuel management was based upon the assumption that it
could be reprocessed

Underpinning and the need for contingencies appear to have
been secondary

Records management beyond materials accountancy data is
ke

> information only provides part of the
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