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FOREWORD

The safe and economic management of spent fuel is important for
all countries which have nuclear research or power reactors. It involves
all aspects of the handling, transportation, storage, conditioning and
reprocessing or final disposal of the spent fuel. The choice of
management scheme adopted will vary from country to country. It will
depend on the state of development of nuclear power in each country, the
level of industrial and commercial development, social, economic and
political conditions. It will also be influenced by international
considerations, particularly the availability of services for the supply
and reprocessing of spent fuel.

In the case of spent fuel management from power reactors the
shortage of available reprocessing capacity and the rising economic
interest in the direct disposal of spent fuel have led to an increasing
interest in the long term storage and management of spent fuel. In view
of the importance of this subject for the nuclear industry, the IAEA has
played a major role in coordinating the national activities of the member
states in this area. In 1976 the Agency identified the interim storage
of spent fuel as a key step in the fuel cycle which required more study.
In 1978 the Agency organised a special consultants group to review the
status of spent fuel storage throughout the world and to identify where
the Agency should be involved. In the same year a joint TAKA/NKAQ
programme was initiated to study the behaviour of spent fuel assemblies
during extended storage (BEFAST). Since that time the Agency has
organised various exchanges of information on technical, environmental,
safety and economic aspects of spent fuel storage, handling,
transportation, conditioning, reprocessing and final disposal. Amongst
others the Agency conducted a Study Tour on Spent Fuel Storage in 1986, a
Symposium on the Back End of the Nuclear Fuel Cycle, Strategies and
Options in 1987 (jointly with NEA/OECD) and a number of technical
committee meetings on these topics. The Agency also initiated a second
coordinated research programme on the behaviour of spent fuel and storage
facility components during long term storage (BEFAST-II) in September
1986 in which 16 organisations from 13 countries participated.



The situation with respect to spent fuel management from prototype
power reactors and research reactors is, however, less well defined. The
scale of operation of these reactors is usually much smaller than that
with commercial power reactors where options such as high capacity,
away-from-reactor spent fuel stores are feasible and commercial
reprocessing is potentially available. Research reactors, in particular,
occur far more widely throughout the world than power reactors. At the
end of 1988 some 326 research reactors were operating in 55 countries.
This can be compared with 429 power reactors connected to electricity
supply networks in only 26 countries at the same time. Research reactors
are often situated in universities and research institutes where more
limited facilities and resources are available. The management of spent
fuel from these reactors has its own special features due to the
peculiarities of the fuel, such as high enrichment, a wide variety of
fuel element designs, high burn-up, unique fuel chemistry such as with
suicide fuels, small arisings etc. All of these features lead to these
fuels requiring special attention as compared to commercial reactor
fuel. With their wide distribution research reactors present an
excellent opportunity for improvements in their spent fuel management by
shared experiences through international collaboration. Similarly,
whilst being much less widespread than either research or commercial
power reactors, prototype power reactors have fuel of an experimental
nature, often with unique characteristics e.g. carbide particle fuels
from high temperature reactors. To date the management of such spent
fuel has not received wide attention and offers opportunities for
improvements through international collaboration. The one remaining area
of spent fuel management which has received little attention is that of
the residues from PIE of commercial and other reactor fuel. These
residues can range from small fragments to whole fuel elements. Here,
too, improvements in management practices can result from shared
experiences with international collaboration.

It was against this background that the Technical Committee
Meeting on "Safe Management of Spent Fuel from Research Reactors,
Prototype Power Reactors and Fuel from Commercial Power Reactors that has
been subjected to PIE (Post Irradiated Examination)" (28th November - 1st
December 1988) was organised in accordance with the recommendations of
the IAEA Advisory Group on Spent Fuel Management during its third meeting
in March 1988. (IAEA-TECDOC-487).



The aims of the current meeting have been to:

1. Review the state-of-the-art in the field of management of spent
fuel from research and prototype power reactors, as well as the
residues from post irradiation examination of commercial power
reactor fuel. The emphasis was to be on the safe handling,
conditioning, transportation, storage and/or disposal of the spent
fuel during operation and final decommissioning of the reactors.
Information was sought on design details, including shielding,
criticality and radionuclide release prevention, heat removal,
automation and remote control, planning and staff training;
licensing and operational practices during each of the phases of
spent fuel management.

2. Identify areas where additional research and development are
needed.

3. Recommend areas for future international cooperation in this field.

The Agency wishes to thank all those who attended the meeting and
sent contributions. Special thanks are due to the Chairman,
Dr. L.R. Fellingham for valuable contribution to preparation of these
proceedings. The Officer of the IAEA, responsible for the organization
of the meeting and for preparing this document is Mr. Y. Martynov,
Division of Nuclear Fuel Cycle.
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MANAGEMENT OF SPENT FUEL FROM
PROTOTYPE AND EXPERIMENTAL REACTORS

A. BALLAGNY
Commissariat à l'énergie atomique,
Centre d'études nucléaires de Saclay,
Gif-sur- Yvette, France

Abstract

The French Atomic Energy Commission (Commissariat à l'Energie
Atomique, C.B. A.) has operated research and prototype reactors for many
years. It is thus faced with the problem of the management of irradiated
exotic fuels that are very different from power reactor fuels which are
commercially reprocessed.

For each type of reactor there is a procedure for the removal of
spent fuel which is designed to minimise the storage time, on the reactor
site.

This procedure provides for the immediate reprocessing of the fuel
when reprocessing is in operation, otherwise the fuels are securely
stored in facilities from which they may be easily recovered when a
definitive solution is found.

UA1 Fuel : This fuel which is 93% enriched is used in the reactors
STLOE. MELUSIHE and ORPHEE is reprocessed in the USA. High enriched fuel
is going to be replaced by 1/3812 20% enriched except for ORPHEE.

U0_2 Fuel (caramel) : This fuel enriched to 7% is used in the
OSIRIS reactor since 1980. After irradiation it is stored in PEGASE, an
underwater storage facility in a CEA centre at Cadarache.

U02Fuel : This fuel enriched from 1.2 to 4% was used in EL. 4.
the 70 MW HWGCR prototype reactor, from 1967 to 1985. It will be kept in
CASCAD, a dry storage facility at Cadarache, which will be in operation
in 1989.

Fuel : This breeder reactor fuel which has been
irradiated in RAPSODIE and which is still being used in the breeder
reactor PHENIX (250 MWe) is reprocessed regularly. The plutonium thus
recovered has been recycled several times in the reactor.

Each fuel is thus either reprocessed or stored in facilities that
have been specifically designed for research reactor fuels, and if
necessary in a special container if the fuel elements are ruptured.



The French Atomic Energy Commission (CEA) is faced with the
problem of the evacuation of spent fuel from research reactors and
also of the many types of irradiated exotic fuels from irradiation
tests.

The present situation regarding experimental and prototype
reactors is as follows :

Reactors
(in operation)
SILOE (Grenoble)
ORPHEE (Saclay)
OSIRIS (Saclay)
PHENIX (Marcoule)

(being
decommissioned)
MELUSINE (Grenoble)
EL. 4 (Brennilis)
RAPSODIE (Cadarache)

Power

35 MW
14 MW
70 MW
250 MWe

8 MW
70 MWe
40 MW

Type of fuel

UAfc (U 93%)
UAî, (U 93%)
U02 (U 7%)uo2 - Puo2(FBR fuel)

UA«. (U 93%)
U02 (U 1.4%)uo2 - Puo2
(FBR fuel)

Fuel evacuation mode

Reprocessing (USA)
Reprocessing (USA)
Storage (PEGASE)
Reprocessing (COGEMA/CEA)

Reprocesing (USA)
Storage (CASCAD)
Reprocessing (COGEMA/CEA)

The general principle adopted in France is based on :
. the immediate reprocessing of the spent fuel when reprocessing is
in operation,
. interim storage in specific facilities until a final solution is
found.

The reprocessing of UAfc fuels in the United States does not
present any particular problem for operators of reactors who have
been using this method for many years. The CEA entrusts these
operations to Cogema/BR who take charge both of the administrative
authorizations and all matters relating to transport. The same
method will be used for 20 % enriched U3Si2 which will replace theUAî. fuels except in the Orphée reactor.

PEGASE FACILITY

Until 1975, PEGASE was a pool type research reactor. Since 1980,
this installation has been used for the storage of spent fuel and
various types of non-irradiated waste. The water capacities of the
former reactor have been adapted for this purpose : main pool,
transfer channel, cooling pond.

The present capacity is 1,700 locations which could,if required,
be increased to 10,000 after modification.

Pegase also has facilities for dry interim storage, either in
wells, or in drums for manufacturing waste containing plutonium
destined for recovery. The present capacity is 2,500 drums and could
be increased to 5,000 drums.
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The installation is also used for the interim storage of
transportation casks loaded with spent fuel in transit.

CASCAD FACILITY
In 1984, the CEA decided to build a new installation for the

interim storage of fuels for which there is at present no final
solution. (Fig. 1, 2)

SPENT FUEL STORAGE TUBE
Double barrier containment principle

Test valve

Seal plale

Upper concrete structure

Concrete shield plug

Fuel assembly

Fuel cladding or container
( first bamer )

Storage tube
(Second barrier)

_ Guide tube

PRINCIPLE OF PASSIVE AIR COOLING SYSTEM
BY NATURAL CONVECTION

Coding ar exit duct

-1

Upper plenum

Storage area

Lower plenum

Air cooling flow Concrete vault \ Storage lube

FUEL STORAGE SEQUENCE

1 Receiving of the cask
2 Transfer of the cask in tha lock cell
3 Check cask for contamination and damaged fuel detection
4 Cask transfer into handling cell
5 Remote cask opening
6 Transfer of fuel assemblies or containers
7 Shield plug setting
8 Seal tape assembling
9 Empty cask evacuation

FIG.1. Long term dry storage facility 'Cascad'.
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AIR OUTLET DUCT

FUEL CASK RECEIPT

FU€L PIT RECEIPT

FUEL CASK_ __

OPERATING ROOM

PERSONAL AREA

LOCK CELL

.Storage lor a period of lime equal or lower than
filly years

.Completely passive air cooling system by raturai
convection

.Certainement by permanent doubl« barrier >
.first barrier . fuel cladding or container
.second barrier, storage lube

Fuel capacity about 180 t irradiated uranium
Maximum heat loading 200 kw
Approximate building dimensions

L 35 m
I 25 m
H 16 m

Storage tube • number

115 feet
82 feet
53 feet

319
material stainless steel
ID 346 mm 13.6 inches
H -7m 23 feet

AIR INLET DUCT
HANDLING CELL

CHARGE, FACE STRUCTURE
SHIELD PLUG
STORAGE TUBE
STORAGE CELL
COOLING AIR FLOW
CONCRETE VAULT

FIG.2 Long term dry storage facility 'Cascad'

The objectives were as follows :
. interim storage for periods of up to 50 years,
. possibility of removing fuel :
- during the storage period in order to take samples for
examination,

- at the end of the storage period for final disposal or
reprocessing,

. storage capacity : 150 to 200 t of fuel,

. reasonable investment costs and minimum operating cost,

. modular design to permit extension of the facility,

. containment ensured by a double barrier design.
Various solutions were studied and led to the choice of dry

storage in vault, with the wells being cooled by natural convection.
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In order to minimize the temperatures of the fuel and of the
concrete structures, while having the advantage of a simple, passive
system of cooling by natural convection, it was necessary to
optimize the geometry of the network comprised by the 319 storage
tubes, and the overall architecture of the vault in order to ensure
proper ventilation of the installation.

The efficiency of the cooling system has been confirmed by
mockup test results. Nevertheless some storage wells will be
instrumented to monitor the temperature variations.

When the installation is full, the maximum power given off by
the whole vault will be 200 kW. The temperature of the tube wall
will thus reach 83 *C, that of the containers 102'C and that of the
cladding 115°C. The vault air exhaust will be at 54°C.

During the initial fuel charging operations, the thermal power
released from the fuel may not be sufficient to induce thermosiphon
flow for natural convection cooling. A blower is therefore installed
at the base of the chimney to ensure efficient cooling from the
beginning.

Containment with respect to the environment is ensured by :
. the fuel cladding
failed fuel elements must first be recontainerized,

. the storage tube walls.
Biological shielding is ensured by the thickness of the concrete

walls surrounding the tubes aera.
The storage tubes are made of welded rolled stainless steel

sheeting. Each tube is 346 mm in diameter and 7 m high. They are
supported by a concrete slab. The system is designed to withstand
maximum earthquake loads. In the bottom of each tube is fitted with
a shock absorber to prevent any damage if fuel is dropped. Each tube
is fitted 'with a concrete plug for the purposes of biological
shielding. The tubes are leaktight and are fitted with a system for
gas sampling. The atmosphere of the wells is air whereas the
canisters containing certain fuels are filled with helium.

The installation also comprises :
. a handling cell with an annexed unloading cell where the fuel is
transferred from the casks to the wells, in the absence of the
personnel,
. a truck entry lock where the transport casks are prepared before
unloading,
. a background area where all the handling operations in the ad hoc
cell are controlled,
. various plant rooms : electrical ventilation, service gallery etc.

The installation which is currently being finished will comeinto service in mid 1989.
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CONCLUSION

When Cascad comes into service in mid 1989 the CEA will have
sufficient capacity for the storage of all fuel produced by the
research reactors until a permanent solution is found.

Pegase has a number of emplacements available and its storage
capacity can be increased.

The modular design of Cascad facilitates extensions for future
requirements.

Dry storage in metal wells cooled by natural convection provided
safe and reasonable-cost facility for interim storage.
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THE MANAGEMENT OF SPENT FUEL FROM MATERIALS
TESTING REACTORS IN THE UNITED KINGDOM

L.R. FELLINGHAM
Harwell Laboratory,
United Kingdom Atomic Energy Authority,
Harwell, Didcot, Oxfordshire,
United Kingdom

Abstract

Four MTR Reactors, DIDO, PLUTO, DMTR and HERALD have been constructed
and operated in the UK. Of these DMTR and HERALD have now been shut down.
The spent fuel elements from DIDO and PLUTO are treated by chemical

235reprocessing at Dounreay to recover the unused U and concentrate the
fission product activity. All of the fuel from the DMTR reactor has already
been reprocessed at Dounreay, whilst the final core from HERALD will be
reprocessed soon. After reprocessing the first cycle raffinate, which
contains the bulk of the fission products from the spent fuel, is currently
stored in high integrity, stainless steel storage tanks which are housed
below ground in heavily shielded vaults. A new plant has been constructed at
Dounreay which will first neutralize with caustic soda and then immobilise
this liquor in cement. The resulting products will then be kept in an
engineered store until an intermediate level waste repository is available.
The uranyl nitrate product from reprocessing is evaporated and then blended

235up by the addition of U . The uranium is then processed at Dounreay to
make more MTR fuel, which is recycled to the remaining reactors.

In the longer term uncertainty exists over the continued availability
and economic viability of reprocessing, particularly if alternative, cheaper
sources of fuel are used. The alternative of long term storage of the spent
fuel, followed by direct disposal, is therefore being examined as a
contingency. A review of the options has concluded that the preferred route
would involve the interim storage of the elements in special cans in a
cross-flow, natural convection, air-cooled vault. The use of free standing,
concrete storage casks to store the fuel would be significantly more
expensive and is not favoured.
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1. MTR REACTORS IN. Jgg-TJKITED KINGDOM

Four MTRs have been constructed in the UK. The first and second of
these, DIDO and PLUTO, were commissioned at Harwell in 1956 and 1957,
respectively, and are still operating. They are heavy water moderated and
cooled reactors with peak thermal neutron fluxes of approximately 2 x 101A
n/cm2 sec and maximum heat outputs of 15 MW. The third reactor, DMTR, was
operated at Dounreay from 1958 until 1969 when it was closed down. This
reactor was also heavy water moderated and cooled with a peak thermal neutron
flux of 1.6 - 1.7 x lO1* n/cm2 sec and a maximum heat output of 12-13 MW.
The fourth reactor, HERALD, was operated at AWE Aldermaston from 1960 until
1988 when it was also shut down. This was light water moderated and cooled.
It had a peak thermal neutron flux of 5 x 1013 n/cm2 sec and a maximum heat
output of 5 MW.

The core of DIDO consists of 25 elements arranged in rows of 4, 6, 5, 6,
4, while PLUTO can accommodate 26 elements in a near rectangular lattice with
rows of 4, 6, 6, 6, 4. Originally each element consisted of assemblies of
plates of enriched uranium - aluminium sandwiched between two thin aluminium
sheets, edge-welded and then rolled up to a slightly cambered section.
However, the latest designs have cylindrical fuel sections. In the standard
form the fuelled section consists of a concentric assembly of co-extruded
tubes. The tubes are made with a wall thickness of 0.060" (0.020"
cladding/0.020" fuel alloy/0.020" cladding). The fuel tubes are manufactured
by a co-extrusion process in which a cylindrical insert of uranium/aluminium
alloy is encased with aluminium and is forward extruded. The fuel tubes are
retained longitudinally and concentrically by four comb-like spacers at each
end. The element is attached to the intermediate section by a salvage joint
of established design and an intermediate section which can be re-used. This
reduces considerably the amount of aluminium to be disposed of after
irradiation.

There are two main types of fuel element; the Mk 2 and Mk 5. These are
shown in Figure 1. The Mk 5 elements have 4 fuel tubes. Each fuel tube is
26" long with a fuel length of 24". These elements have 170g of U2ÎS. The
Mk 2 elements have 8 fuel tubes each. These tubes are 19" long with a fuel
length of 16". These elements have 238g of U23S. The inner tube in the
centre of each assembly provides a 52 mm diameter hole into which
experimental irradiation assemblies can be inserted. The bulk of each
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FIGURE 1 FUEL ELEMENTS FOR THE HARWELL MATERIALS TESTING
REACTORS

17



reactor core is made up of Mk 5 elements with a maximum of 6 Mk 2 elements
being used.

The two Harwell MTRs, DIDO and PLUTO, produce some 200-210 spent fuel
elements per year. The majority of these elements are of types 5/8A and
5/8B. They initially contain 293g of 70% enriched uranium clad in aluminium
and weigh about 5kg each. This fuel is typically taken to 45-50% burn-up (3
cycles) in the reactors before discharge. A cycle is normally 28 days and
includes a 3-4 day shutdown.

2, THE CURRENT STRATEGY FOR MANAGING THE SPENT FUEL

At present the spent fuel elements from DIDO and PLUTO are treated by
chemical reprocessing at Dounreay to recover unused U23S and concentrate the
fission product activity. All of the fuel from the DMTR reactor has already
been reprocessed at Dounreay, whilst the final core from HERALD will be
reprocessed soon.

After discharge from the reactors, the elements are first stored in a
water-filled pond at the reactor site to allow fission product decay. The
storage time is typically 100-110 days but can be up to two years. The top
and bottom fittings of the elements are then removed using an electric saw
in the pond. These fittings are currently stored at Harwell in mild steel
cans in a below ground, tube store, which provides shielding. It is intended
that in the longer term these wastes will be recovered from the tubes. They
will then be assayed, sorted and then immobilised, possibly by cementation,
to produce wasteforms acceptable for disposal in a UK intermediate level
waste repository. The fuel-containing portions, which weigh about 3.6 kg,
are next transported by flask to Dounreay where they are further stored under
water in cruets. These are trays designed to hold the fuel in a geometrical
array, thus preventing criticality in the highly enriched fuel. They are
then reprocessed in bi-annual campaigns in the D1204 MTR fuel reprocessing
plantC1).

The fuelled parts of the sub-assemblies (aluminium plus
uranium-aluminium alloy) are sheared into convenient sections for batchwise
dissolution. Both the aluminium and the uranium dissolve to give a solution
of uranyl nitrate and fission-product nitrates together with anion-deficient
aluminium nitrate in nitric acid. The solvent extraction is carried out in

18



stirred mixer-settlers using TBP as the extractant in odourless kerosene
diluent. The process is shown schematically below.

MTR reprocessing
(current process)

ft 6% r>
v ———Feu'

235U

The uranyl nitrate product from the process is evaporated to
approximately 300g(U)/A. It is then blended up by the addition of U235 and
the uranium is processed to make more MTR fuel. This is recycled back to the
reactors. The first cycle raffinate from reprocessing is an acid-deficient
aluminium nitrate solution. These wastes are evaporated and currently stored
in heavily shielded, underground, 18/13/1 stainless steel tanks. To date
approximately 632 m3 of MTR liquor are held in storage from the reprocessing
of over 30 te of uranium/aluminium fuel. Each element gives rise to
approximately 0.02 m3 of evaporated liquor. The actinide content of these
liquors is low and the ßy activity will have decayed with time. As a result
they have been classified as intermediate level wastes. The average
composition of the aged MTR liquor is:

Aluminium 1.0 molar
Acid deficiency 0.6 molar
Specific Gravity (g/cm3) 1.28
Mercury (g/2) 1.0
Total beta (Ci/i) 4.0
Total gamma (Ci/Ä) 1.5 (mainly Cs137)
Uranium (g/A) 0.05
Plutonium (g/A) 0.003

3. THE CEMENTATION OF THE MTR LIQUORS

In the medium term it is intended to condition these liquors in cement
to produce a solid, less dispersible waste form. These solid wastes will
then be kept for further interim storage in an engineered store at Dounreay
pending the availability of a national disposal facility. Cementation was
selected after a thorough review of the options. It offered the best overall
combination of economics, process safety and product compatibility with
interim storage and the likely eventual disposal requirements.

Construction of a plant to immobilise the MTR liquors commenced in July
1984 and was completed in May 1988. Inactive commissioning is now in
progress and active operation of the plant is scheduled for April 1989. A
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schematic diagram of the plant is shown in Figure 2(a). Initially the
plant will process 2.5 m3 of liquid waste per week and one crate of solid
waste, resulting in 35 drums of cemented product. The solid waste, which
will be handled in a separate solids handling cell, comprises highly
aßf active fuel assembly wrapper and stainless steel fuel element hulls from
the reprocessing of prototype fast reactor fuel.

Cement
input

Drum exit

Waste crate
flask

Solids
handling cell Chemical

plant

Mixing station Drum entry

FIGURE 2 THE DOUNREAY CEMENTATION PLANT FOR PROCESSING
MTR LIQUOR WASTES

The MTR liquor will be transferred weekly from a storage vessel to a
reception vessel in the plant chemical cell. Here it will be analysed before
being pumped by means of a fluidic device into a mixing vessel, where it will
be neutralized with a 15% excess of concentrated caustic soda solution. The
liquor is then to be cooled to remove the heat of dilution and reaction after
which it will be metered into nominally 2002 mild steel drums. These drums
are fitted with lost paddle stirrers. The drums will be sealed to an
engineered port on the underside of the mixing cell containment liner with
the liquor and cement feed systems and the paddle drive mechanism linked to
the top of the drum. The paddle drive motor will be started and a preweighed
mixture of cement added at a controlled rate over a period of approximately
15 minutes. The ratio of cement to liquor to be used is 2.5 by weight. The

20



cement mixture will be 9:1 BFS:OPC, which provides a hardening period of 6-7
hours. On completion of the mix the paddle drive is disengaged, the feed
pipes withdrawn and the drum lowered onto a conveyor system for transfer
along the handling cell. The drum contents become rigid within 24 hours,
after which an inactive grout cap will be added to fill the void at the top
of the drum before closure. After monitoring and inspection the drum will be
transferred into a drum store. The drum design incorporates a thick mild
steel lid. This is to enable a crane with an electromagnetic grab to lift
the drum from the airlock for emplacement in the store. This allows close
packing of the drums. The interim store houses the cemented drums in storage
bays. It is constructed of reinforced concrete with approximately 1m thick
shielding walls. Most of its internal volume is divided into compartments
where approximately 4000 x 200Ä drums can be stored. The store is served by
a remotely operated 3 land bridge crane fitted with closed circuit television
and an emergency retrieval back-up system.

4, FUTURE SPENT FUEL MANAGEMENT OPTIONS

In the longer term uncertainty exists about the continued availability
and economic viability of reprocessing, particularly if alternative, cheaper
sources of fuel are used. Such fuel could be taken to higher burn-up
(~70%) and may be of lower enrichment. Attention has, therefore, been
focused on the alternative of long-term storage of the spent fuel followed by
direct disposal.

In an initial study the option of continued reprocessing was compared
with the long-term storage and direct disposal of the fuel elements and
complete dissolution of the fuel elements in nitric acid followed by
neutralisation with caustic soda and cementation (Figure 3). It was
concluded that the storage and ultimately direct disposal option was the most
economic. As a result this option has been examined in more detail.

At 50% burn-up the typical Mk 5 fuel element contains 103g U235. The
burn-up of the fuel could potentially be increased to -70% for the
once-through process route, which might ease criticality constraints during
storage. At 2 years cooling the element has an activity, gamma radiation and
heat output of 4.5kCi, 460 Ci-MeV and 19W, respectively. At three years
these have decreased to 2.5kCi, 350 Ci-MeV and 9.5W and at 20y the
corresponding values are 0.71kCi, 97 Ci-MeV and 2.3W respectively. The major
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1. DIRECT IMMOBILISATION

STORAGE

2. DIRECT IMMOBILISATION AFTER DISSOLUTION
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reductions in heat output and f Ci-MeV per element occur over the cooling
period 0-3 years and beyond that the reductions are much slower. Pond
storage for 3 years is, therefore, desirable before any form of canning or
encapsulation for interim storage. At the current rates of fuel element
arisings a maximum of 5 years pond storage capacity in total is available at
Harwell and Dounreay.

For interim storage three variants have been considered. In the first
the MTR elements would be sealed in cans dry and then stacked in a natural
convection air-cooled store, incorporating annular draft tubes round the
vertical store hole. A schematic diagram of a section of such a store is
shown in Figure 4. The second variant involves a vault store in which the
cans containing the fuel assemblies are stacked vertically between steel
guide poles. The store would be air-cooled by cross-flow natural convection.
Schematic diagrams of this store are shown in Figures 5 and 6. Inlet and
outlet plenums are located to encourage cross-flow of coolant air through the
stacked columns. However, with the warmer drums containing the younger fuel,
vertical natural convection is likely to dominate the local cooling rate. In
these two variants the fuel assemblies would be loaded into stainless steel
storage cans, embedded in sand or alumina, and the cans sealed. Sand,
alumina or even glass ballotini are suggested for use since they can be dried
to negligible water content by simple heating immediately before canning and
sealing. Cement and plaster are also being considered. They might better
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HEPA Filtration as for Harwell MTR Reactors: only under
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fix the fuel over extended periods of time, but even if variants can be made
which react only very slowly with the aluminium their water content would
give rise to gases by radiolysis. The cans would be held in the store for
approximately 20 years until a repository was available for their final
disposal. At that time the cans would then be transferred to a packaging
plant, where they would be grouted into 500Ä drums and sent to disposal.

A variant on the vault store would be where the MTR elements are not
only embedded in sealed storage cans but are also grouted into their final
disposal drums prior to interim storage. This would provide extra radiation
shielding and a robust, extra barrier to leakage during handling operations
in transport and storage. It would have the disadvantages of increasing the
storage volume needed and requiring the early construction of an
encapsulation plant with the consequent early use of capital funds.

The third variant which has been examined involves the use of massive
concrete casks stored above ground. In the preferred arrangement 8 fuel
assemblies would be canned and grouted into a 5002 disposal drum. These
drums are stacked five high in each storage cask. A schematic diagram of
such a cask is shown in Figure 7. To obtain acceptable radiation exposures
outside the casks, combined with reasonable loading of elements and cask
weights below 150 te, it would be necessary to use a combination of steel and
concrete shielding. This option offers the potential benefit of spreading
the capital costs over a long time period as costs would only be incurred as
new casks were required. This might give a significant discount in terms of
present-cost values.

The review concluded that the preferred option would involve the interim
storage of the elements in a cross-flow, natural convection, air-cooled
vault. The fuel sections would be stored five per can. The options of using
three elements per can or of using 8 elements per can encapsulated within a
500Ä disposal drum would be only slightly more expensive. The costs of these
vault store variants would be approximately 70-80% of those of a similar
capacity draft tube store. The storage cask option would be significantly
more expensive than either of the other storage concepts.

If the option of interim storage followed by direct disposal is to be
pursued then key uncertainties will have to be resolved. The first concerns
the choice of a matrix for encapsulating the fuel sections. The potential
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corrosion of the aluminium present could threaten the long-term integrity of
matrices, particularly of the cementitious types preferred in the UK. In
addition it could give rise to problems with hydrogen release. A second
uncertainty is over the long-term behaviour of the uranium fuel during
long-term storage and disposal. In the latter case the highly-enriched
nature of the fuel will require particular attention to guard against
potential criticality situations.

5. CONCLUSIONS

At present reprocessing remains the chosen strategy for managing spent
MTR fuel in the UK. For the longer term the option of interim storage
followed by direct disposal is also being examined.
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RESEARCH REACTOR FUEL HANDLING
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Abstract

Some research reactors are sited within the city boundaries,
therefore the required safety for the public must be guaranteed in the
reactor operation, spent fuel shipping and storing.

The ecological safety of spent fuel storage is achieved by the
integrity of fuel element claddings and by the system maintaining the
pool water chemistry. In the USSR a cask-19 for research and
experimental reactor spent fuel assemblies transport has been developed.
It is a thick-walled vessel tightly covered with a heavy cap. The cask
allows the shipment of spent fuel assemblies of different research
reactors with various FA section shapes and with the total decay heat of
up to 360W. The cask design assures nuclear safety, biological
shielding, heat removal from fuel assemblies, tightness, strength in
normal and emergency conditions of transportation.

The first research reactors were developed and constructed in USA
and USSR to show the feasibility of controlled uranium fission chain
reaction and to study the processes of artificial elements' production.

More than a 40 year experience in development, construction and
operation of research reactors has shown their high reliability and
safety.

There are over 60 research reactors constructed in the USSR, most
of which are operated in research centres and abroad.

There are only a few types of commercial nuclear power plants in
operation. In contrast, research reactors are characterized by the variety
of designs due to their specific designation and power.
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Tables 1 and 2 list the data [1] on the power type distribution of the
research reactors operating in the USSR for the civil purposes; the basic are
water reactors (WWR-S, IRT etc).

TABLE 1. RESEARCH REACTORS IN THE USSR

Reactor, its capacity Number

1. from 1 KW to 1 MW 7
2. from 1 MW to 5 MW 3
3. from 5 MW to 10 MW 15
4. 20 MW and more 4
5. Pulsed and pulsating reactors 7

Total 36

TABLE 2. REACTOR TYPES AND CAPACITIES OF THEIR MODIFICATIONS

Ord. No. Reactor type Capacity of Maximum thermal
modifications, neutron flux in

MW reactor
cm~2s"~1.1013

1. WWR-S water reactor 2 2.0
5 6.0
10 10.0

2. IRT-2000 water-pool reactor 2 3.0

3. IRT-1000 water-pool reactor 10 22.0
4. MR(MIR) loop-type reactor 30 33.0

5. SM-2 reactor 50 220
100 500

A large number of experimental fuel elements of different types were
tested in the research reactors. However, at present to study metallurgy and
physics the tubular fuel assemblies and dispersed-type fuel elements are
mainly used (Table 3) [1,3]. The dispersed-type fuel elements are used in 31
reactors and the fuel assemblies with the tubular fuel elements are used in 27
reactors.
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TABLE 3. CHARACTERISTICS OF SOME FUEL ELEMENT TYPES

Ord. No.

1.
2.
3.

Name

EK-10
IRT-2M
IRT - 3M

Type

Dispersed fuel rods
6 - tube
8 - tube

235U enrichment

10%
90%
90%

At the same time, extensive studies starting with the tests of a large
number of experimental fuel elements of different types for WWER-440, -1000,
RBMK-1000, -1500 reactors, nuclear powered icebreakers, etc. were carried out
at the MR-type loop-reactor complex.

Some research reactors are sited within the city boundaries or near
them, therefore the required safety not only for the personnel but for the
public also must be guaranteed in the reactor operation, spent fuel shipping
and storing.

Among other safety aspects in spent fuel storage the prevention of
uncontrolled radioactive releases is of great importance.

The ecological safety of spent fuel storage is achieved by the
integrity of fuel element claddings and by the system maintaining the pool
water chemistry. The fuel cladding are designed for the reactor operation
conditions which are more severe than the cooling pool conditions. Under
lower temperatures of static storage, i.e. under the cooling pool conditions,
the cladding is the most efficient primary barrier for fission products which
are present in the spent fuel discharged from the reactor.

The pool water is the most efficient secondary barrier for small
quantities of radioactive fission products remaining in the fuel composition
after the reactor discharge.

Several secondary barriers are used for radioactive fission product
retention. The pool water retards radioactive fission products and activation
products released from spent fuel and provides the shielding for the personnel
from ionizing radiation. In the pools spent fuel elements are stored in
cannisters which are the additional barriers for activity retention but as the
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storage experience shows, radioactive products may be released in the pool
waters during handling operations.

The heat removal from fuel assemblies is achieved by natural convection
of water flow in the pool together with forced circulation of pool water
through the external cooling system.

As the operation experience shows, the temperature of the pool water
o odoes not exceed 45-50 C and varies mainly in the range of 20-50 C. (SFA of

prototype power reactor) .

Decontamination system used for removal of soluble and suspended
radioactive materials consists of a mechanical and ion-exchange filters. The
operation experience shows that the existing system of FA storage water
decontamination maintains the required pH and salt content and the water
chemistry provides the adequate corrosion resistance of the structural
materials of the storage systems. Investigations were carried out to study
corrosion product behaviour and water activity change in storage pools.
Corrosion product and radioactivity content and condition in the at-reactor
pool water were investigated. It is noted that water radioactivity depends on
corrosion product concentration in common structural materials which adsorb
radionuclides released from fuel and cladding surfaces.

Investigations were carried out on the pool temperature influence upon
the behaviour of corrosion products - activity carriers. Water activity
change in the pool with time may be presented as:

A = A e~ (1), where
T O

A - water activity at the time of T
T

A - equilibrium activity for the given pool with unchanged loado
T - t ime

(-X .) - the i-th nuclide activity release into water due to mass
transfer and diffusion (purification system does not
operate)

X . - K. - activity removal in the cooling pool water
purification system
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K. - coefficient accounting for activity diffusion and mass
transfer of the i-th radionuclide in the pool

q - purification system capacity, decontamination factor equals 1

V - pool volume

_. constant of natural decay of the i-th radionuclide.

Using the formula (1) and the cooling pool chemistry data, temperature
dependence of K. and X . coefficients change is estimated.
\ . coefficient increases with temperature, i.e. solubility ofli
practically all oxides and salts present in water increases with temperature.
Temperature rise results in water convection increase which is important with
large water volume and is well confirmed by the increase of K., the
component of X. .

Thus, spent fuel cooling pool radioactivity may be decreased due to the
storage water temperature decrease which improves radiation conditions and
ecological effects (Fig.l).

.An

0,021

0,020

0,019

0,4

0,3

0,2

0,1

293 303 313 323 T,K

Pig. 1. Coefficients ,/^ and K^ variation of
water temperature.

33



The next stage of fuel handling is spent fuel transport for chemical
reprocessing.

In the USSR a cask-19 for research and experimental reactor spent fuel
assemblies transport is developed.

The cask-19 (Fig.2) is a thick-walled vessel tightly covered with a
heavy cap. Leak tightness of the inner cavity is provided by two primary
packings in blind grooves on the cap and an additional one on the cap as
well. The cap of the cask is attached to the body by 12 bolts, 36 mm dia.

Fig. 2. The cask 19 (cross sections).

The cask design satisfies all the requirements of IAEA rules on B (V)
type package safety. The main transport means is a railway car.

The cask-19 is used to transport:
spent fuel assemblies (SFA) with tight fuel element claddings
loaded into a basket;

SFA with untight fuel element claddings (should be loaded into
sealed cans with the latter being placed into a basket);
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Research reactor fuel assemblies transported differ in design,
dimensions, fuel composition, its enrichment and burn-up. The cask-19
allows the shipment of spent fuel assemblies from different research reactors
(for example, SM-2, MR, IWW-2, WWR-2, WW-S) with FA of different section
shapes (circle, hexahedron, square) and with the total decay heat up to 360W.
For spacing (FA separation from each other) a basket with cells placed into
the cask is used. As a rule, each cask may contain 4 fuel assemblies placed
in a basket. The cooling time of spent fuel to be transported depends on the
burn-up, initial enrichment and fuel exposure time and, as a rule, is not less
than 3 years.

Because of the different length of FAs to be transported the cask is
designed for the maximum FA length. To provide reliable grip shorter FAs are
placed into the basket on the support which is a tube of corrosion-resistant
steel with a welded bottom.

To raise the cask, two trunnions are provided on its body. In the
upper and lower parts of the body there are two valves used for air purging of
the cask, its cooling, water and decontamination solution drain.

To check the tightness between the cask cap and its body, a rejection
tube is provided in the cap, leading from the void between packings and
stopped with a plug having an asbestos-metal packing. The joint tightness is
checked by means of a helium chamber using a helium leak detector inserted
into the rejection tube instead of the plug with positive pressure helium
which is inserted into the cask cavity through the valve, prior to checking.

The cask design assures nuclear safety, biological shielding, heat
removal from fuel assemblies, tightness, strength in normal and emergency
conditions of transportation.

Radiation safety is assured by the thickness of the cask's walls,
bottom and cap made of stainless steel.

The cask-19 leak tightness is provided by the use of packing in the
sealing units, made of rubber based on silicone as fillers and allowing
short-term operation at 250°C in emergency conditions.

35



Two shock-absorbing rings and six support shock-absorbers with a
supporting ring as well as the shape of the cask cap allow reduced impact
loads in emergency conditions.

Standard loading of fuel assemblies into the cask-19 should be
performed in the cooling pool under protective water layer.

Transport of the cask-19 loaded with FAs is done in a railway cask-car
in vertical position. The number of casks-19 loaded into a car depends on the
spent fuel cooling time and SFA characteristics.

The cask operation regime is periodic. One operation cycle is about 30
days. The operation cycle includes: fuel charge, transport, discharge,
preparation to a new cycle.

In the cask inner cavity a basket is situated. Because of the design
differences of fuel assemblies shipped, the basket is made in three
modifications differing by the basket inner cavity alone. The basket is a
welded structure consisting of the body and the bottom. In the upper part of
the basket body there are two edges : the lower basket is supported by the
conic part of the cask inner cavity, and the upper one serves for the basket
gripping with a rod. For cooling water circulation there are special holes in
the basket which also serve for water and decontamination solutions drain from
the basket, while on the conic part of the cask body inner cavity grooves are
provided for ventilation in the cooling process. Main technical
characteristics of the cask are given in Table 4.

TABLE 4. MAIN TECHNICAL CHARACTERISTICS OF CASK-19

Body wall thickness, mm 230
Bottom thickness, mm 220
Cap thickness, mm 220
Inner cavity dia, mm 220
Outer dia, mm 680
Diameter through trunnions, mm 910
Inner cavity height, mm 1430
Cask height, mm 2170
Loaded cask mas, kg, not more 4770
Empty cask mass, kg, not more 4700
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The cask may be used in the ambient air temperature from - 50 to +
38° with relative humidity 90% at 4- 25°C.

The average service life of a cask is not less than 20 years.

In conclusion it should be noted that the majority of research reactors
and spent fuel handling processes were developed in the 50-60's. Many
present-day requirements to equipment, coolant radioactivity and storage
medium did not exist at that time.

At present, the problem of increasing safety of research reactors also
includes the safety problems in the process of fuel storage and its transport
using respective technical and organizational measures.

The present USSR regulatory documents on nuclear power and, in
particular, research reactors safety, is now being revised.
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Abstract

The only nuclear activity in Greece producing substantial
quantities of high level radioactive waste, is the operation
of the "Demokritos" Research Reactor.
It is an open pool type research reactor operated at 5 MW
thermal power since 1961. It is fueled by MTR type fuel ele-
ments, each containing approximately 200 gr. of 93% enriched
Uranium.
The fuel plates are made of an U-Al alloy enclosed in an Al cladding
According to the core management scheme followed any fuel
element is shuffled through all the grid positions and is
removed from service when it reaches a burn-up of 30%. The
total throughput is thus 6 to 8 spent fuel elements per
year. The spent fuel management scheme includes the following
stages: initial storage for cooling in the storage end of
the reactor pool for about 6 months, transportation with
a shielded cask to the long-term storage pool where the ele-
ments remain for periods of up to 10 years, and finally
transportation to a secondary pool outside the reactor hall
where the top and bottom end fittings of the elements are cut
prior to transportation to the reprocessing plant in the U.S.A.
The enriched Uranium recovered by reprocessing remains in the
U.S.A., and the Greek side is provided with a credit, usually
used against the purchase of fresh fuel.
The above spent fuel management scheme apart from assuring that
no high level waste remains in the country, complies with the
non proliferation treaty and in parallel eases the safeguards
and Physical Security burden.

Introduction

The only nuclear oriented activity in Greece, that produces
substantial quantities of high level radioactive waste, is
the operation on the "Demokritos" Research Reactor. This
situation, which might be typical for many more countries
is usually accompanied by the lack of facilities or know—how
as far as fuel reprocessing or long term storage is concerned
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Thus, the spent fuel has to be finally send abroad for further
treatment. It has to be mentioned that the scope of spent
fuel management in a country with a research reactor(s) might
be limited, but nevertheless the span has to be as wide as
in countries With more advanced nuclear programs, including
procedures and special tools for safe handling, appropriate
storage facilities, in-house calculational capabilities, and
of course, adequate personnel training.

The Research Reactor and the Fuel Used
GRR-1 is an open pool type research reactor operated by the
"Demokritos" research centre since 1961. It is cooled and
moderated by water, the maximum thermal power been 5 MW.
It is fueled by MTR type fuel elements, the current loading
comprising of 29 standard and 6 special fuel elements.
The current operating schedule is 10 hours per day, 5 days
per week, with approx. 2 months summer break.
The MTR type fuel elements (Fig. 1) are made up of 18 fuel
plates attached laterally by two aluminium plates and the
whole structure is held together by the Al top and bottom
end fittings.
The fuel plates are made of an uranium aluminium alloy enclosed
in an Al cladding. The uranium enrichment is currently 93%
while that of the very first loading was 20%.
According to the core management scheme followed, any fuel
element is shuffled through all the grid positions until it is
finally removed from the reactor core when it reaches a burn up
of 3O%. Thus, the in core residence time is approx. 6 years for
any element, and the total throughput is G-8 spent fuel elements
per year. This is the bulk of spent fuel that our spent fuel
management strateggy has to cope with.

Spent Fuel Management
The cycle of the nuclear fuel used at the GRR-1 is shown sche-
matically in Fig. 2.
At the end of its service life a fuel element is removed from
the reactor core and stored for initial cooling in the storage
end of the reactor pool. After a minimum period of 6 months the
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fuel element is loaded into a purpose built lead shielded
cask (Fig. 3) and transported to a separate long-term storage pool
The water of this pool is conditionned (i.e. ion-exchange through
resins) and its quality monitored systematically (ph and
conductivity measurements). The spent fuel elements remain in
this pool until a number suitable for both transportation and
reprocessing is completed, and of course until the necessary
budjet is made available. The final stage which is accomplished
a few days before the date of transportation to the reprocessing
plant, includes transporting the fuel elements to a secondary
pool outside the reactor building. The same lead cask and the
overhead and movable hired cranes are used. In the secondary
pool the end fittings are cut with a home made electrical saw,

Lead

FIG.3. Spent fuel transportation container.
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leaving the fuel elements with a total length of 60O mm, and
total weight 4 kg. The loading of the cask provided by the
international transport companies is done underwater in the
secondary pool. The final destination of the spent fuel ele-
ments is the reprocessing plant in the U.S.A.
The enriched Uranium recovered by reprocessing remains in the
U.S.A., and the Greek side is provided with a credit, to be usual-
ly used against the purchase of fresh fuel.

Discussion and Conclusions
The spent fuel management strategy described above, based on
intermediate storage followed by reprocessing, is a straight
forward one, and has the advantage that no high level radio-
active waste is left in the country. Further, it complies with
the requirements of the Non-Proliferation Treaty and in parallel
eases the Safeguarding and Physical Security burden.
One problem arises with the Al end fittings which for financial
reasons are cut and kept in intermediate wet storage. A more
permanent solution has to be found in the near future.
It should be noted that transportation from Greece to the U.S.A.
and reprocessing there, is quite a costly operation, partly
levelled off in the case of the presently used highly enriched
Uranium by the credit for recovered Uranium. This will not be the
case for low enriched Uranium fuel, and possibly this might
lead to an alternative spent fuel management strategy based
on wet or dry final disposal without reprocessing, either
in Greece or abroad, where relevant facilities are already under
development.
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SPENT FUEL MANAGEMENT FOR RESEARCH REACTORS
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Abstract

These are six research reactors in Argentina using fuel
elements uranium enriched from 20 to 90%. Spent fuel elements
management is limited to RA-1(Argonaut type used for training)
and RA-3 (for experimentation and radioisotope production),as for
the others no changes have been carried out over the cores. The
first core of RA-1 was reprocessed and the second core was
manufactured with U^O,, obtained form reprocessing,and once spent
was transferred to a dry storage. RA-3 is pool type and fuel
elements are MTR enriched at 90% 24 fuel elements in the core.
Up to now 238 fuel elements have been used with burn-up from 16
to 40% and about 8 gU per plate. At present RA-3 is being
remodelled in order to be able to use fuel elements enriched to
20%. After decay in a pool at reactor building, they are
transported to a wet storage facility for spent fuel elements.
Control rods are treated in the same way.

From 15 years of storage facility operation,it follows as a
consequence that the proposed objetives have been fullfilled
sufficiently well, as shown by radioactivity measurements

— 4 3on the water hole lines (5 x 10 Ci/m of Cs-137) and the
neutron interrogation method on the spent fuel elements tested

— 8 3presented values less than 10 gU/cm , that was considered
acceptable).

Nevertheless, some corrosion areas were observed. Program
activities involve on one hand mainly new chemical and physical
controls in order to optimize spent fuel storage and, on the
other hand, the study of the corrosion observed with the aim
to minimize it and to ensure safe storage.
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This paper describes a facility for temporary storage
of research reactors spent fuel elements in Argentina.

At present there are six research reactors in Argenti-
na, designed by argentineans and built almost entirely by C.N.E.A.
with the cooperation of local enterprises, their fuel elements
being also of local design and construction.

The first of this series of reactors was RA-1, Argonaut
type, constructed in 1957 and critical since January,1958. This

11 2reactor, with its initial flux of 10 n/sec cm , served for
basic experience for all coming reactors constructed in Argenti-
na and served for training reactorists and physicists, as well
as the first radioisotope production group.

The following reactors were RA-2 (a critical facility)
for studying different core configurations), RA-0 (power 0, for
training personnel at the University of Cordoba), RA-3 (for
experimentation and radioisotope production, to be treated in
detail further on), RA-4 (training reactor for the University
of Rosario) and RA-6 (for experimentation at Bariloche Atomic
Center).

All these reactors use uranium enriched from 20 to 90%,
and table 1 describes their main characteristics. Table 2 shows
cladding material and enrichment degree of fuel elements used
during the last 30 years.

TRBLE 1 RERCTOR RND CORE CHRRRCTERISTICS

RESERRCH
RERCTORS

RR-0

RR-1 Is-t . CORE

RR-1 2nd. CORE

RR-2

Rfl-3

RR-4

Rfl-6

STRRTUP

19S8

1965

1966

1967

1973

1.982

T-I-PE OF
FUEL
RODS

< PELLETS
SRflPHI TE-U5

RREONRUT
PLRTES

RODS

MTR
PLRTE FUEL

MTR
PLRTE FUEL

PLHTES OF
URflNIUM IN

POL IETHILENE
MTR

PLRTE FUEL

POWER

CRITICRL
FRCILITY

1OO KUI

CRITICRL
FfiCIUITY

S MU

O

5OO KUI

No. OF FUEL
ELEMENTS IN CORE

232

221

439

24 -Fuel elsm.
4 coritnol nod«

12

2^ -Fi.ir-1 clerri.

Kg U/CORE

14. 786

14. O88

3. 986

4. 77O

3. 719

A . 422
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TflBLE 2 FUEL ELEMENT CHflRRCTERISTICS

RESEARCH
REflCTORS

Rft-0
Rfl-1 (Ftg. 1)

2nd. CORE

Rfl-3
Rft-6
Rft-2

Rft-1
l«t. CORE

< nr-gonaut )

RB-3
< mod i -f i ed )

=— ———____—__ — —.

TYPE OF
FUEL

RODS
652 mm long

9 . 7 mm d i am .

PLflTES
( 1 .30x555x72) mm

PL.RTES
<2. 75x73Ox610>mrn

PLftTES
<735x7O.8xl . 5>mm

CLflDDING

R 1 99.7 «
tnicUness 1 mm

f\l 11OO
thicUness O.^ mm

(=11 61-S

1=11 al loy H9 6O61
thicUness O . ̂  mm

ME FIT

SO X UO220 x c
(SO K graphite)

U-fll al loy
7.8 g U235/plate

den»ity 7.2gU3O8/cm3
1SK U3Q8 in
R 1 ma-tr- i x

Density 3 gU/cm3.
LJ3DS dispersion in
R 1 ma-ti" i x .
IS. 3 g U235/plate.

ENRICHMENT

19.7 «

SO H

so y.

19.7 X

Our experience in the field of spent fuel element
management is limited to reactors RA-1 and RA-3, as for the
others practically no changes have been carried out over the
cores.

The cores of RA-0 was temporarily transferred to the
Peruvian critical facility RP-0 for training personnel for the
experimentation and production reactor RP-10, built and sold by
Argentina to Peru. At present a permission is needed from United
States for its transfer to Cordoba, as the enriched U of its core
has been provided by that country.

The first core of RA-1 was reprocessed with two main
aims: to test the functioning of a small pilot reprocessing plant
and to decrease fuel cost, as the second core was manufactured
with U.,0g obtained by the reprocessing group. This second core,
when spent, was stored temporarily dry within the reactor and later
transfered to dry storage at C.A.E. (Ezeiza Atomic Center).

Aluminium
Mtvt

(All dimensions in mm)

FIG.1. RA-1 fuel element.
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The situation of RA-3 fuel elements in more intricate,
13 2power of this reactor being 5 MW and its flux 5x10 n/sec cm .

This reactor is used for experimental work in the field of reactor
physics, for testing materials and to cover production of
radioisotopes for Argentina for more than 90%.

The reactor itself is swimming pool type and fuel
elements are MTR enriched at 90% with 26 fuel elements in the
core. Up to the present 238 fuel elements have been used with
variable burnup. The initials 130 fuel elements have burnup from
16 to 30%. From this point core conditions were optimized and a burnup
degree of 40% has been reached.

We assume as "core change" changing one fuel element
and further rotation; the total number of changes being 150
cores.

Fuel elements used up to 1987 were type MTR enriched
at 90%,with about 8 g U per plate. For a core of 615 x 60 x 0.5
mm an alloy of 15% U is obtained,the fissionable phase being UA1 -AlX
(aluminium-uranium). This phase is 11% in volumen, which is very
convenient from a mechanical point of view. MTR plates were made
by picture frame technique.

At present RA-3 is being remodelled in order to be able
to use fuel elements enriched to 20%. Fabrications of plate cores
has been redesigned in order to increase density from 1 g/cm to
more than 3 g/cm . This is done with UA1 -Al, U.,0g-Al or
LU Sio-Al (dispersion into aluminium powder) so as to reach

3densities 3.0, 3.5 and 7.0 g/cm respectively.

This remodelling of RA-3 implies changing core grill,
structural elements and graphites which gives the valuable
experience of partial decommissioning.

Fuel elements to be retired from the core were extracted
with a basket to a transfer cell, where using a special device
they were moved through a channel to a decay pool within the
reactor building. After decay fuel elements are transported to
a storage facility for spent fuel elements.
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Control rods are treated in the same way as fuel
elements. These rods are made of cadmium and about 20 were used.
With the reactor core enriched to 20%,silver-cadmium-indium rods
will be used.

The Central Storage Facility for Research Reactor spent
fuels is located in controlled area n° 9525 belonging to the
Program of Radioactive Waste Management within C.A.E. (Fig.2)

LOW I.EVÉU SOUO TRENCHES

VEHICLES

BUILDWÔ

CEHrRAl
STORAGE

of
SPfcNT

ACCESS SJMlS

LLLV

TRtKCHL

LOW LEVEL

SOUD WASTES
TRCATtAEHT

FLAUT

FIG.2 Central storage of spent fuel siting

It is a building of 35.25 m long, 11.50 m wide and
4 m high, covered with an iron plated ceilling (BWG 16 welding)
shaped as "V". At both ends are entrance and exit.

The storage facility comprises two separate areas,
each of six sets of hole lines. Each set in the front area
has 16 holes, and 17 holes at the back area. Upper line of
these sets is 20 cm above ground level (Fig. 3).
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Each area is 7.30 m wide, with the following
dimensions: front area is 10 m long (facing the sector
containing the demineralizated water system.Each set is 0.80 m
wide and distance between sets is 0.50 m, back area is 10.60 m
long whereas other dimensions are similar. Total capacity in
198 holes (96 in front, 102 at back). Each hole contains
inside stainless steel AISI 316 tubes(Fig.4) of 2.1 m long and
diameter: 150 mm, capable of containing up to 2 fuel elements
or one control rod.

The holes of each set communicate with each other, at
the bottom and top, by a stainless steel pipeline AISI 316
and spherical manual valves to regulate circulation of
demineralized water; valves being at the head of each set.

The Storage Facility contains: a water demineralization
equipment with a closed circuit for recirculation (pump;
auxiliary tank of 500 1 and cistern cart), a single track bridge
crane and a shielded transport for fuel elements and control rods.

In order to remove impurities from the water where
fuel elements or control rods are introduced ion exchange
resins is used.

The equipment comprises two ion exchange columns of
170 cm high and 25 cm diameter, containing cation and anion
exchange resins.

The columns are connected by pipelines of 1/4" and
1/2" diameter and manual diaphragm valves,so that water enters,
is demineralized and goes out through another pipeline, to
the sets where fuel elements are stored. This liquid can be
recirculated or regenerated till reaching a high degree of
purity.

In the columns, both ion exchangers (cation and
strongly anion) are intimately blended into a single bed of
0.5 mm diameter spheres.

The connexion of the demineralizated water system
with the pipeline conducing to the sets of holes for fuel
elements allows a closed circuit functioning. Circulation of

52



water is controlled by areas and by sets: each area has a
spherical manual valve to regulate input and other for output
of water. Each set has two spherical manual valves to control
water entrance and exit, thus assuring that a set can be
emptied or filled without affecting the rest of the set.

The single-track bridge crane is used for: a) to
uncover each hole; b) transfer and rearrangement of fuel
elements and control rods; c) hoisting of elements and rods;
d) transfer and movement of lead shieldings (50 cm x 60 cm
and 135 kg) in order to carry out operational tasks within
the storage facility as mentioned in point "b" and "c".

Moreover it covers eventual operative functions
moving heavy loads.

Commando of this bridge crane is carried out distance
by cable, from a small control board. Operation capacity is
1000 kg with a 10.5 m width and 32 m length displacement
(Fig. 5).

r-/ 15, 5 n

storage
Spent water

FIG.5. Transverse section.
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The shielded transport for fuel elements and rods
is a 2000 kg lead shielding placed on a transport cart, so
that total weight is 3500 kg (Fig.6). Essentially it is
a 223 cm high column with a 12.8 cm diameter entrance in its
lower half allowing the entrance of fuel elements and control
rods (one at a time). Hoisting is achieved with a steel wire
with a specially designed hook for handling fuel elements and
easily changeable, with a brass adapter, for control rods.
Hoisting and descending movements are manually achieved at
distance with an extensible handle. The transport cart is
rectangular (2.52 x 0.8 m) seated on 4 rubber wheels,capacity
is up to 2500 kg.

SHIELDING

PULLEY

FIG.6. Shielded transport for spent fuel and control rods.

As all material stored within the Central Storage
Facility is submitted to IAEA safeguard regime, fuel elements
and control rods are inspected by IAEA personnel. Inspection
is carried out through the following operations: changing
and/or testing control seals on each hole, hoisting fuel
elements and/or control rod to control engraved identiphying
numbers, assigment of numbers for fuel elements or control
rods located in holes. For this operations a topographic
teodolite is used.
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Inspection of Storage Facility is carried out with
authorization and control of safeguards personal of CNEA.
IAEA must specify the inspection date and transcribe it at
least 72 hours in advance. Once inspection date is known a
pre-inspection is carried out to assure that no seals are
broken. If any anormal conditions are detected, these whould
be forwarded to IAEA, including the number of the affected
hole and seal. Control sheets giving numbers of control rods
and fuel elements and their location in different holes are
handled by the Program of Radioactive Waste Management.
Personnel of Safeguards carry another copy and deliver a
whole set to IAEA, who with these data and their observations
make up their own original control sheets.

Discussion

From fifteen years of Storage Facility operation it
follows as a consequence that the proposed objetives have been
fulfilled sufficiently good, since the radioactivity messurements
on the water hole lines only have shown 500 pico Ci/ml of
Cs-137. This value is according to those published by IAEA
(Technical Report No.218,1982).

Nevertheless, being the measured conductivity in
the recirculated water into hole lines lower than 1̂ <- Siemens,
gels of aluminium and the later from the iron coating of the
holes plugs, were observed.

When spent fuel were inspected or moved for rearrange
reasons, aluminium corrosion near hooks of some fuels was also
noticed.

These aforementioned corrosions area probably comes
from improper selection of welding procedure or due to joining
screws of the fuel elements. Also, this corrosion could be
produced by the lack of isolation between the fuel aluminium
structure and the steel internal liners of concrete holes,leading
to a methalic pair. However, few elements with more than 10 years
at Storage Facility were studied with neutrons interrogation
method and 5 x 10~ go/cm sensibility. Fuel elements with

— 8 3less than 10 g U/cm were considered acceptable and all of the
spent fuel elements tested were below this value.
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As the time being, the lead plugs coated with iron are
being replaced by others coated with stainlese steel. Meanwhile,
the employment of rubber rings is studied in order to improve
the air-tight seals.

Program activities involve mainly new chemical and
physical controls with the aim to optimize spent fuel storage.

We have began to study the methods destined to
encapsulate the spent fuel for the final disposal. However, it
is possible that these spent fuel elements can be reprocessed.

CONCLUSION

Further work is needed to carried out to ensure safe
and efficient long term storage on spent fuels MTR type stored
in wet conditions until a decision will be taken.

An economical and technical evaluation will be made
concerning the dry storage as an alternative method for long
term storage taking into account that dry storage may reduce
the extent of monitoring, surveillance and cost required.
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EXAMPLES OF CEA MANAGEMENT OF SPENT FUELS
FROM A PROTOTYPE POWER REACTOR (PHENIX)
AND FROM COMMERCIAL POWER REACTORS AFTER
POST-IRRADIATION EXAMINATIONS

P. GUAY
Commissariat à l'énergie atomique,
Centre d'études nucléaires de Fontenay-aux-Roses,
Fontenay-aux-Roses, France

Abstract

The large CEA experience concerning the safe management of spent
fuel from prototype power reactors and fuel from commercial power
reactors that have been subjected to post irradiation examination, is
illustrated by three examples :
1. Management of Spent Fuel from Phénix Reactor:

A first série of reprocessing campaigns of that oxide fuel was
realized between 1977 and 1983.

The corresponding flowsheet, including: transportation, reception
and reprocessing in TOP facility (Marcoule), wastes treatment, is
presented.

After that first série, it was decided to implement the new APM
facility, well adapted to the specific reprocessing conditions of the
Phénix spent fuel. The new resulting flowsheet is presented.

2. Management of Fuels from Commercial Power Reactors that have been
Subjected to Post Irradiation Examination
2.1 Example of PWR Spent Fuels

The CEA flowsheet includes : conditioning in a canister, cask
transportation, temporary storage in Pegase pool facility then
reprocessing in APM facility. A campaign was realized in 1988
concerning fuels from CAP reactor.

2.2 Example of Various Other Spent Fuels
For them, CEA has decided to build a special facility named

STAR devoted to the pretreatments of the fuels before long time
intermediate storage or reprocessing. That facility is equipped
to realize:
- reception of various types of casks

opening of containers
- thermal treatment of spent fuels if necessary

conditioning in various containers with closing by
welding or crimping

- control of non leakage and non contamination of the
containers

- storage before transportation towards:
either industrial reprocessing facilities (Cogema),
either pilot level reprocessing facilities (CEA : APM,
ATALANTE)

either long term intermediate dry storage (Cascad).
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I. INTRODUCTION

CEA gained a good experience in the management of spent fuels
coming from its research or power prototype reactors and of the fuel
samples for post irradiation examinations.

As a general rule, the solution for these products is the
reprocessing. The delay to apply that solution is bound to the
disponihility of the reprocessing facilities, and in several cases induce
a delayed reprocessing.

Only particular and limited fuels are planned to be sent in
a definitive storage. The definitive storage is the choosen solution only
for a few fuels essentially reguiring important modifications of the
dissolution process.

The treatments and operations on the spent fuels must
evidently be carried out following the french safety rules. Long and
detailled flowsheet studies are therefore necessary before the setting up
of the operations. Generally the cost of the management of limited
guantities of fuels, as it is the case here, is high. To limit it, the
flowsheets are established in taking into account, as far as possible, the
use of existing facilities, procedures, transport casks.

That presentation will show the CEA experience in the two
areas of management of spent fuels from prototype reactors and from power
reactors after post irradiation examinations. In conclusion, general
considerations and specific efforts in CEA will be presented.

II. MANAGEMENT OF SPENT FUELS FROM PROTOTYPE POWER REACTORS

The reported example concerns the spent fuel reprocessing of
the Phénix fast neutron breeder reactor.

11.1. General flowsheet

Shielded
r*oot~ 1 a

transport
IU 11

temporary storage and reprocessing
MARCOULE SAP/TOP

SAP/ARM
LA HAGUE AT1
LA HAGUE Cogéma UP2

The presentation is focused on the evolution of the
reprocessing facilities from 1977 to 1988.
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11.2. Phénix spent fuel reprocessing before 1983

FUEL

Enriched U

Pu core I
Pu core I
Pu core I

Pu core II
Pu core I

initial
Pu/U + Pu

18 %
18 %
18 %

25 %
18 %

Kg (U + Pu)

2317
180
155
7900

6360
225

Years

77-78

78-79
79
79-83

79-83
83

Plant

SAP/TOP
AT1

SAP/TOP
Cogéma
UP2

SAP/TOP
SAP/TOP

GWd/t

38-43
8-44
37

28-34

36-83
35-100

cooling time
months
10-30
18

10-30
38-50

14-42
29-36

II.3. Phénix spent fuel reprocessing in SAP/TOP facility
The reprocessina of that fuel was associated with process and

equipment tests under actual operating conditions at semi industrial
through-put rates during demonstration runs of significant duration.

The SAP/TOP facility in Marcoule was adapted and used between
1977 and 1983 exclusively to reprocess Phénix spent fuels. (Fig- 1)

FIG.1. Phénix fuel.
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YEAR

77
78
79

80

81

82

83

Phénix fuel

Phénix U

PQ core 1
P-] core 2
?2 core 2
Pj core 2
P} core 2
?4 core 2
P4 core 2
P$ core 2
?5 core 2
?5 core 1

Quantity
U + Pu
(kg)
2317

353
1291

1715

1801
1611

9088

Maximum
core burn up

MWDT-1

43 000

37 000 to
48 000

55 000 to
65 000

55 000 to
72 000

55 000 to
83 000

35 000 to
101 000

Cooling
time

(months)
10-30

14

30 - 50

23 - 40

14 - 34

15-42

Produced
Pu per year

35

57

241
315

349

308

1305

In 1984, a campaign was achevied in UP2 facility (Cogema La Hague). It
concerned Phénix Pu Core 1 :
- quantity : 2 120 kg
- maximum core burn up MWDT"'' : 42000
- cooling time (months) : 38 - 50.

The purex process involves mechanical treatment of the fuel
pins (shearing off the end pieces and cutting up the pins) followed by
hatch dissolution in a thermosiphon unit, preliminary clarification across
a pulsed filter and three extraction cycles with partitioning during the
second cycle without intercycle concentration.

All the extractors were pulsed columns except for the
partition and solvent stripping in mixer settlers.

The facility was operated semi continuously with a week-end
shutdown ; the hourly throughput of 1500 g of U -t- Pu was obtained over
about 60 hours. Uranium and Plutonium recovery yields exceeded 99.9 % in
the extraction cycles. Uranium and Plutonium were sufficiently purified
after the second cycle.

However plant operation revealed some weak points, such as
contamination of the cells and telemanipulators by ruthenuim from the
cladding hulls, clogging of the perforated plates of pulsed columns,
dissolution residue in the first cycle settling zones.
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II.4. Building of the SAP/ARM (Marcoule)

It was decided to shut down the pilot plant in the summer of
1983 and to carry out an extensive renovation named TOR project with the
followina aims :

- reprocessing capacity of 50 kg per day of Phénix fuel with
good reliability of equipments and optimisation of the
interventions.

- reprocessing of all types of oxide fuel.

- A new head end was built including

- spent fuel reception area
- temporary dry storaae
- mechanical treatments facility
- batch dissolution
- clarification
- high level wastes treatment.

- A new first extraction cycle was implemented in an old cell after
decommissionning and cleaning. It includes the U Pu seperation and
uses liquid extraction in pulsed columns.

- That new facility has started in active conditions from beginning
1988 and is partially devoted to the reprocessing of Phénix
fuels. A first campaign is planned at the beginning of the next
year. It will affect several tons of spent fuels.

III. EXAMPLE OF MANAGEMENT OF SPENT FUELS FROM COMMERCIAL POWER REACTORS AFTER
POST IRRADIATION EXAMINATIONS

In France these examples concern essentially spent fuels
irradiated in :

- natural uranium graphite gas reactors,
- pressurized water reactors.

The only case of PWR fuels (Fig. 2) will be studied in
that presentation, because it presents a wider application field in the
nuclear industry.
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FIG.2. PWR fuel 15 x 15 rods.

III.1. Taking into account PWR materials

The concerned fuel from spent fuel assemblies is transferred
to research laboratories for physicochemical and metallurgical
examination. Rods are taken from these assemblies for investigation. After
completion of these tests, the followina products are present :

a) Reassembled fuel elements : a few per year,
b) Whole fuel rods,
c) chopped or cut rod elements corresponding to a maximum of

80 kg 110-2 Per Year>
oxide pellet powder : maximum 20 kg DO'2 per year.

d) chopped or cut rod elements contained in an epoxy type resin
matrix and correspondinq to a maximum of 5 kg U02 per year.
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Given the quantity of fissile material involved, especially
with reassembled fuel elements, these different elements must he sent to
reprocessing facilities.

III.2. Reprocessing of reassembled fuel elements (a)

The decision to reprocess these reassembled fuel elements and
to send them to the standard reprocessing system for normal fuels, leads
to the following reprocessing scheme.

metallurgical and physicochemical
testing laboratory

reassembled fuel elements;reconditioning
transport
in

shielded cask

reprocessing
plant

UP2 - La Hague
COGEMA

unloading
storage
shearing

Operations performed in the research laboratory

In order to make reprocessing operations possible, this fuel
element must be identical in all aspects to a standard element for the
handling, storage and shearing operations.

To conduct the examinations program on the reference assembly,
the guide tubes are cut to remove the upper end piece, providing access to
the rods that are extracted for tests.

It is then necessary

- to insert dummy rods in the vacant places,
- to replace the upper end piece which is then fastened
mechanically to the guide tubes of the fuel element : the
element to be reprocessed thus has the same mechanical
properties and the same physical appearance as a standard
element especially for the shearing.

It is interesting to mention here, as a remark, that Cogema
has developped a method for admittance to its reprocessing facility of
damaged fuels from PWR reactors. It involves transfer of the damaged fuels
in sealed canisters from the reactor to the reprocessing plant.
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III.3. Entire fuel rods reprocessing (b)

Generally for limited quantities of fuels (till about a few
tons) the reprocessing is carried out in ARM facility on Marcoule.

The simplest and cheapest flowsheet is as follows :

Metallurgical and physico chemical
testina laboratories (Saclay, Grenoble, Cadarache centers)

intégra rods

insertions in Phénix type canister
(containment barriers)

transport in shielded cask

Pegase temporary pool storage

(Cadarache center)

transport in shielded cask

A P M pilot plant (Marcoule center)
cask reception

1
dry unloading

•J/
dry short time storage

s/
opening of container

unloading of rods
I

shearing
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The Phénix canister (Fig. 3) is generalized for all the
spent fuels reprocessed in APM facility because that standardization
limits the used equipments in the reception area (transfer system) and
mechanical cell (transfer and opening systems).

Stainless steel 22 CN 1810

FIG.3. Phénix type canister.

contained.
Its length can be slightly adapted to the type of rod to be

It is made in stainless steel and closed by welding. For
instance it was used for CAP reactor rods (Cadarache Center) and the
overall length in this case was 2130 mm to compair with the nominal length
of Phénix 1965 mm.

III.4. Cut rods reprocessing (c)

The chemical part of the process is carried out in the APM
facility on Marcoule. Therefore it is quite necessary to respect the
constraints of that facility for the reception, temporary storage and
mechanical operations on the spent fuel. The fuel must be enclosed in a
barrier for the contamination from the reception area to the dissolver.
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The corresponding flowsheet is :

Metallurgical and physicochemincal
testing laboratories (Saclay, Grenoble Centers)

cut rods

chopping
V

insertion in container n° 1 (barrier for contamination)
(fixed external contamination)

insertion in container n° 2 (external contamination,
Phénix type containement barrier)

transport in shielded cask

Pegase temporary pool storage
(Cadarache Center)

transport in shielded cask

A P M Pilot plant (Marcoule center)
cask reception

dry unloading

dry short :ime storage

opening of container n° 2

unloading and introduction of container n° 1
into the dissolver
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The container n° 1 is made in aluminum alloys (soluble in the
dissolution solution). To minimize the amount of aluminum introduced into
the process, it is as thin as possible. The usual dimensions for that
container are :

- material : AG3
- inside diameter : 90 mm
- thickness : 0,5 mm
- useful length : 350 mm
- weight : 200 g
- useful volume : 2 liters
- UÛ2 capacity : about 9 kg.

It is closed, after entering of fuel rods chops, by a screw
plug. It may have an external fixed contamination. It is placed in a
second Phénix type container which is made in stainless steel. It is
generally closed by welding. (Sometimes recoverable 2°" containers may be
used ; they are then closed by screwing with a seal). It ensures the
guarantee of containement during transport and all transfers and
operations in ARM before opening in mechanical cell.

The oxide pellet powders are reprocessed in the same way, with
these two containers.

III.5. Chopped or cut rod elements contained in an epoxy type resin matrix (e)

At the CEA, the samples of this type are coated in epoxy type
resins essentially containing the elements carbon, hydrogen and oxygen.
The ratio araldite weight may vary, and is often around 7.

fuel weight
These resins cannot be introduced into the dissolver of the plant, because
they form interfering by-products in nitric medium (polymers).
Consequently, the samples must undergo preliminary treatment to remove
organic products bebore they reach the reprocessing facility. What type of
treatment ?

Elimination of resin by mechanical processes. Their use
implies a favorable and reproducible geometric configuration
of the samples, and this condition is not always satisfied.
Moreover, the resin may penetrate within the fuel samples and
the process is no longer applicable.

Elimination of resin by selective dissolution in organic
solvents. All attempts made to achieve this had to face the
problem of ageing of the resin, making their dissolution very
difficult and slow. Too the produced effluents are not easily
processed.

Elimination of resin hy combustion or pyrolisis. This is the
solution on development by the CEA and it results in a product
soluble in an usual dissolution medium.
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The proposed flowsheet is as follows :

Metallurgical laboratories Saclay
Grenoble
Cadarache

Pin elements contained in resin matrixJ,insertion in a first contaminable screwed container

insertion in a second containment container (not externally
contaminated)

\

transfer in shielded cask
/

Pegase temporary pool storage
(Cadarache center)

transfer in shielded cask

Hot pretreatment laboratory STAR
(Cadarache Center)

removal of pin elements in resin
1

destroying of resin

insertion of residue in screwed
soluble container n° 1 (contaminable)

sp
insertion in containement container n° 2

transfer in shielded cask
reprocessing laboratory (Atalante Marcoule)

dry unloading and short term storage
V

opening of container n° 2

unloading and introduction of container n° 1
into dissolver
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Remark : the limited quantities of pin elements in resin matrix allow
to use equipments at the level of hot laboratory facilities. The
CEA is currently building two facilities that will be used for
the management of these samples in resin matrix :

- STAR hot oretreatment laboratory (CADARACHE Center)
- ATALANTE hot laboratory level reprocessing facility (MARCOULE
center).

IV. GENERAL CONSIDERATIONS RESULTING FROM ŒA MANAGEMENT EXPERIENCE ;
DESCRIPTION OF SOME NECESSARY EQUIPMENTS

IV. 1. The choosen example of PWR spent fuels after post irradiation
examinations shows clearly that their management is :

- very complex,
- expensive,
- can only be successful if several facilities are available to
establish conveniently the flowsheet.

The CEA in a near future will have all these necessary
facilities, that is to say :

- intermediate storage : dry = CASCAD
pool = PEGASE.

- transport casks : Cogema owns a complete cask family,
- hot pretreatment laboratory : STAR (Cadarache),
- reprocessing facilities :

. at plant level : Cogema la Hague,

. at a few tons level : CEA/APM MARCO.ULE,

. at a few kilos level : CEA/Atalante Marcoule.

To illustrate the necessary effort I will now present :
- the Cogema transport casks fleet used for these operations,
- the hot pretreatment laboratory STAR.
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IV.2. The involved Cogema transport casks fleet.

The spent fuel transports between the different facilities of
a process, is a serious constraint for the flowsheet study; the choice of
the well adapted cask is bound to the type of the fuel characteristics and
to the reception equipments of the facilities. In France, that constraint
is lowered because Cogema owns a large and diversified transport casks
fleet.

Some examples of applications are mentionned.

Cask
IU 04

IU 11

IL 42

IL 44
IL 47

Transport type
irradiated fuels EL 4 (Brennilis)

OSIRIS ( Saclay)
from reactor to Cascad (Cadarache)

irradiated fuels Phénix (Marcoule)
from reactor to reprocessing facil
PWR irradiated fuels
from hot examination laboratories
to Pegase pool (Cadarache)
irradiated fuel samples
from hot examination laboratories
reprocessing facilities

ity APM (Marcoule)

(Saclay, Grenoble)

to storage or

IV.3. The pretreatment facility STAR (Cadarache)

3.1. Aims :
. realisation of all necessary thermal treatments on any types

of spent fuels samples for their acceptance in a reprocessing
facility. (F ig . 4, 5) .

Examples : - thermal treatment of partially oxidized or
hydrated U metal fuels,

- thermal decomposition of resin matrix used for
metallurgical tests.

. conditioning of the varied fuels for transportation and
acceptance without difficulties in reprocessing facilities.

. conditioning of the fuels for acceptance without difficulties
in CASCAD dry temporary storage or PEGASE pool short duration
storage.
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CHIMNEY

IHR

STAR TRUCK ENTRANCE

FIG.4. STAR and LECA facilities (Cadarache Centre).

3.2. Description of the facility.

The STAR surface is about 900 m^ with 60 m^ devoted to three
active cells.

First cell : for high contamination level. In that cell are
implemented thermal and mechanical treatments (including container welding
and container ultra sonic decontamination).

Second cell : leakage control on containers,

evacuation.
Third cell : intermediate dry storage, castle loading for

3.3. That facility is at the beginning of the building phase and
the active operations are planned from 1992.
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THE MANAGEMENT OF SPENT FUEL AND POST-IRRADIATION
EXAMINATION FUEL SAMPLES FROM EXPERIMENTAL,
RESEARCH AND PROTOTYPE POWER REACTORS IN
THE UNITED KINGDOM

L.R. FELLINGHAM
Harwell Laboratory,
United Kingdom Atomic Energy Authority,
Harwell, Didcot, Oxfordshire,
United Kingdom

Abstract

There are a number of experimental, research and prototype power
reactors in the United Kingdom, situated in nuclear power research
establishments, universities and industrial companies. They include
materials testing reactors, Argonaut and Triga type research reactors and
prototypes of advanced gas-cooled, high temperature, heavy water moderated
steam generating and fast reactors. These reactors use a wide variety of
types of fuel which differ in the chemical and metallurgical nature of the
fissile material, enrichment, cladding material, geometrical form of the
fuel elements etc. Various schemes are used for the management of the spent
fuel from these reactors. Some of these schemes make use of the extensive
reprocessing and fuel fabrication facilities in the UK. These include
reprocessing plants at Dounreay for MTR and prototype fast reactor fuel, a
commercial reprocessing plant at Sellafield for spent uranium metal fuel from
gas-cooled Magnox reactors and another plant (THORP), which will be available
in the early 1990's to reprocess oxide fuel from thermal reactors.

In this paper details are given on the management of the spent fuel from
these various reactors and also on samples of the spent fuel from the
prototype power reactors which have been subjected to post irradiation
examination.

1. INTRODUCTION

There are several experimental, research and prototype power reactors in
the UK, many of which have been in operation for over 20 years. They have
used a wide variety of fuels, differing in geometrical shape, chemical and
metallurgical form, enrichment, cladding materials, geometrical shape etc.
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Various schemes are used for the management of the spent fuel from these
reactors. For some use is made of the availability in the UK of various
reprocessing plants. At Dounreay the UKAEA operates two small reprocessing
plants. The first of these has a capacity of 0.05 te U/day and treats the
aluminium clad, highly enriched UA1 alloy fuel from materials testing and
certain other research reactors. The second plant can handle the stainless
steel clad, UPu02 fuels from prototype fast reactors. At Sellafield BNFL
currently operates a 7 te U/day commercial plant for reprocessing the spent
uranium metal fuel from the gas-cooled Magnox reactors. It is also
constructing a 5 te U/day plant for reprocessing thermal oxide fuel (THORP).
This latter plant will open in the early 1990's.

For the low power experimental reactors, where the rate of fuel burn-up
has been very low, the spent fuel will remain with the reactor until the end
of the latter's life when it will be handled as part of the wastes during the
final decommissioning operations. The management of the spent fuel from the
materials testing research reactors is dealt with in a companion paper. For
the prototype power reactors, such as the Windscale Advanced Gas-Cooled
Reactor (WAGR), the DRAGON high temperature reactor, the Steam Generating
Heavy Water Reactor (SGHWR) and the Prototype Fast Reactor (PFR), some of the
fuels are currently stored awaiting decisions on their treatment whilst
others have been or are to be reprocessed. Summaries of the present status
of spent fuel management in the experimental and research reactors and the
prototype power reactors are given in Table 1 and 2.

TABLE 1
THE CURRENT MANAGEMENT OF SPENT FUEL FROM PROTOTYPE POWER REACTORS

Reactor

WAGR

SGHWR

DRAGON

DFR

PFR

Power

28MW(e)

100MW(e)

20MW(t)

15MW(e)

250MW(e)

Fuel Hype

Stainless steel clad,
enriched U03
Zircaloy-2 clad,
enriched (2.3%) U03
Various

Zircaloy clad,
Enriched U Mo alloy

Stainless steel clad
UOj/PuOj

Spent Fuel Management

Shutdown
Reprocessing
Reprocessing in THORP

Shutdown in 1976
Interim storage
Shutdown 1977. Driver
fuel reprocessed.
Breeder fuel interim
storage.

Reprocessing
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TABLE 2 RESEARCH AND EXPERIMENTAL REACTORS

Name

Gleep
(Harwell)
Dido
(Harwell)
Pluto
(Harwell)
Nestor
(Winfrith)

Dimple
(Winfrith)
Zebra
(Winfrith)
Hector
(Winfrith)

Herald
(Aldermastcn)
Viper
(Alderraastcn)

Jason
(Royal Naval College
Greenwich)

Type

Graphite

Pool MIR

Pool MIR

Argonaut

Heavy-water

Fast

Graphite

Pool MIR

Fast burst

Argonaut

Peak neutrons
flux thermal
n/otfsec
1.5 x 10s

about
2.5xlOi*
about
2.5x101»
1011

3x10»

about 1010

3x10»

5xl013

10" (fast)

5xl011

Moderator/
Coolant

Graphite/Air

Heavy water

Heavy water

Water and
graphite/Hater

Water/Ncne

None/Air

Graphite/
Carbcn dioxide
for heating

light water

Epoxy resin/
uncooled

light water

Thermal
Power

3 Mf

25 IW

26 tW

30 UÏ

<100 W

100 W

100 W

5 MH

10 Wî

Fuel

Natural uranium, clad
inAl
Highly enriched U/AI, AI
clad
Highly enriched U/Al, Al
clad
93% enriched U/Al,
Al clad, MIR plate type

UDj (4 and 7% enriched)
or plutonium
Uranium and/or plutonium

Highly enriched U/Al, Al
clad, MIR plate type

80% enriched U/Al, Al
clad, MIR plate type
37.5% enriched U/Mo,
stainless steel clad

80% enriched U/AL,
Al clad. MER plate type

Spent Fuel Managanent

Store until final shut-
down
Reprocessing at Dcunreay

Reprocessing at Dcwnreay

Store until final shut-
down, then possibly
reprocess at Dounreay.
Store. Possibly reprocess
finally.
Interim storage.

Ch shut-down, possibly
reuse in Dimple or
reprocess at Dounreay.

Shut-down 1988.
Reprocessing at Dounreay.
Retain in reactor until
final shut-down. Handle
with deoonnissicining wastes

Store until final shut-
down



TABLE 2 (Contd)

Name

Scottish Universities

Imperial College
London (Ascot)

Uverpool/Manchester
Universities
(Risley)

ICI Triga

Type

Argonaut
OJTR-300)

Pool

Argonaut
(ÜTR-100)

Triga Mkl

Peak neutrons
flux thermal
n/otfsec

4x10"

2x10"

1.2x10"

3x10"

Moderator/
Coolant

Light water

Light water

Graphite/HjO

ZrH. HjO

Thermal
Power

300 kW

100 kW

100 kW

250 kW

Fuel

Sore UDj , but majority
90% enricted Ü/A1, Al
clad. MER plate design

80% enriched U/AI, AI
clad. MK plate design.

90% enriched U/AI, AI
clad. MLR plate design.

20% enriched U, stainless
steel clad

Spent Fuel Management

Store until final shut-
down. Return to LKAEA
for possible reprocessing.

Store until final
shut-down. Return to
UKAEA. for possible
reprocessing.

Store until final shut-
down. Return to UKAEA
for possible reprocessing.

Store until final shut-
down. Possible return to
USA for reprocessing.



2. SPENT FUEL FROM RESEARCH REACTORS

2.1 Research reactors at Harwell

There are three research reactors at the Harwell Laboratory of the
United Kingdom Atomic Energy Authority. Two of these reactors, DIDO and
PLUTO, are 26 MW(t), heavy water moderated and cooled, materials testing
reactors. Full details of the management of their spent fuel are given in
the accompanying paper. The fuel from these reactors is in the form of
co-axial, co-extruded uranium/aluminium alloy tubes encased in aluminium.
The initial enrichment is 70% U235. The spent fuel from these reactors is
currently treated by chemical reprocessing at Dounreay to recover the unused
U235 and concentrate the fission product activity. The uranium is then
processed at Dounreay to make more MTR fuel, which is recycled to the
reactors. The third reactor, GLEEP, is a 3 kW(t), air-cooled reactor with a
graphite moderator and natural uranium fuel. It is calibrated as a neutron
standard and is used for testing reactor materials other than fuel, neutron
instrument calibration and training. The fuel in this reactor was changed in
1960. The current fuel is of a type made for the Windscale piles and the
former BEPO reactor. It is in the form of 1" diameter, 10" long cylinders of
natural uranium clad in aluminium. Due to the very low burn-up it will
remain with the reactor until final shut-down when it will be handled as one
of the decommissioning wastes.

2.2 Research reactors at Winfrith

There are another four research reactors, ZEBRA, HECTOR, DIMPLE and
NESTOR, at the UKAEA's Winfrith establishment. Two of these reactors, DIMPLE
and NESTOR, are currently in full-time use.

(i) ZEBRA is a large, zero power, fast reactor which uses uranium
and/or plutonium fuel for fast reactor physics and fuel cycle
studies. The mixed inventory of fuel is in the form of natural
uranium plates, 93% enriched U235 metal plates and plutonium
plates in the form of coupons, approximately 2" square x %" thick
and clad in stainless steel. The reactor still has its original
inventory of fuel. This fuel will be transferred from the reactor
on final shut-down to a fissile material store pending a decision
on its final treatment.
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(ii) HECTOR is a zero power, graphite moderated, thermal reactor used
for oscillator reactor reactivity measurements on materials and
fuel elements. The fuel is in the form of a highly enriched,
uranium/aluminium alloy, clad in aluminium and made into flat
plates as originally used in the DIDO MTR. The fuel is kept in
storage holes adjacent to the reactor when not being used. When
the reactor is finally decommissioned the fuel may be reused in
DIMPLE or returned to Dounreay where it could be treated in the
MTR reprocessing plant.

(iii) DIMPLE is a water-moderated, power ('zero energy') reactor,
fuelled either by uranium or plutonium. It is used to study the
neutron physics of water moderated cores and to validate methods
of assessing criticality in all aspects of the reactor fuel cycle.
Most of the fuelin the form of U02 pellets (4 and 7%
enriched), which are made up into pins. The reactor still has its
original fuel which is kept in a fissile material store after use.
Due to the very low power of the reactor handling of the fuel
presents no radiation problems after a few hours of cooling. When
the reactor is finally decommissioned the fuel will be stored and
possibly reprocessed.

(iv) NESTOR is a light water-cooled, graphite and light water
moderated, 30 kW experimental reactor, fuelled by highly enriched
uranium. It is a modified version of the standard Jason reactor,
which is itself a close copy of the Argonaut reactor. It is used
as a source of neutrons for subcritical assemblies and reactor
shielding experiments. The reactor uses 93% enriched fuel of the
original MTR-type used in DIDO. This is made up into assemblies
of 12-16 plates. The reactor still has its original fuel
inventory which is kept in storage holes adjacent to the reactor
when not in use. When the reactor is closed down the fuel will be
treated as one of the decommissioning wastes. It could be
reprocessed in the MTR plant at Dounreay.

2.3 Research reactors at AWE Aldermaston

There are two research reactors at Aldermaston, HERALD and VIPER.
HERALD is a light water moderated and cooled, pool-type MTR with a maximum
thermal power of 5 MW. This reactor was shut down in 1988. The spent fuel
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from that reactor, which is in the form of slightly curved plates of highly
enriched uranium/aluminium alloy clad in aluminium, has been reprocessed in
the MTR plant at Dounreay with the final core due to be reprocessed soon.

VIPER is a fast, pulsed, uncooled, epoxy resin moderated and reflected
reactor used for studies of fast reactor systems. The fuel is in the form of
cylindrical rods, 0.4" dia x 11.4" long, of highly enriched (37.5% U235)
uranium alloyed with 1.4 wt % molybdenum and clad in 0.015" thick stainless
steel. The fuel, which has a very low burn-up, will remain with the reactor
until the latter is finally shut-down and decommissioned, whereupon it will
be treated as part of the decommissioning wastes.

2.4 University research reactors

2.4.1 Imperial College London research reactor, CONSORT

The 100 kW reactor is of a pool design, consisting
basically of a cylindrical aluminium tank housing the core, fuel
storage areas and the water, which acts as the moderator,
reflector and coolant. The reactor uses 80% enriched
uranium/aluminium alloy fuel, clad in aluminium, of the early MTR
plate-type design. The core contains 24 elements. The fuel is
obtained on loan from the UKAEA and in 25 years only four elements
of spent fuel have been returned. The spent fuel is stored in the
base and to the sides of the reactor tank. When the reactor is
finally closed down the fuel will be returned to the UKAEA and
could be reprocessed in the Dounreay MTR Plant.

2.4.2 Liverpool/Manchester Universities research reactor

This reactor is basically a 100 kW modified Argonaut type.
It is water/graphite moderated and water-cooled with a divided
slab core composed of 90% enriched uranium/aluminium alloy plates
clad in aluminium. These plates are also of the original MTR fuel
design and are on loan from the UKAEA. In 25 years of reactor
operation one batch of 10 fuel elements has been returned to the
UKAEA but the rest of the original core remains. When the reactor
is finally shut-down and decommissioned the fuel will be treated
in the same manner as that from CONSORT.
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2.4.3 Scottish Universities research reactor

The reactor is an Argonaut (UTR-300) type. The core
consists of two parallel, slab-shaped tanks each containing six
fuel elements. This reactor has its original core fuel with some
additions. Some of the fuel is U02 but the majority is of the
original MTR plate-type with 90% enriched uranium/aluminium alloy
clad in aluminium. The fuel has been obtained on loan from the
UKAEA. It will be returned to the UKAEA when the existing storage
capacity at the reactor is full and the reactor is finally
shut-down. The MTR fuel could then be reprocessed in the MTR
plant at Dounreay.

2.4.4 The JASON reactor, Royal Naval College, Greenwich

JASON is a 10kW light water moderated and cooled, graphite
reflected, Argonaut-type reactor. It uses the original MTR
plate-type fuel. The plates, which are 25.2" x 2.8" x 0.058"
overall, are constructed of 80% enriched uranium, alloyed with
aluminium and clad in 0.02" thick aluminium. This reactor still
has its original core fuel. This fuel will remain with the
reactor until final shut-down when the spent fuel will be treated
as part of the decommissioning wastes.

2.5 Other Research Reactors

Triga reactor, ICI Billingham

This reactor is a 250 kW, Mark 1 Triga mounted in a 1MW size tank.
It is used to make short-lived isotopes and for activation analyses. It uses
20% enriched uranium fuel in the form of cylinders, 1" dia x 23" long and
clad in 0.02" thick stainless steel. The fuel is purchased from General
Atomic, USA. The reactor still has its original fuel inventory of 68
elements and with additions this has now increased to 87. The burn-up of
even the oldest fuel is only currently 10%. When the reactor is finally
shut-down the fuel could potentially be returned to Idaho Falls, USA for
reprocessing.
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3. SPENT FUEL FROM PROTOTYPE THERMAL POWER REACTORS

3.1 The Steam Generating Heavy Water Reactor

The Steam Generating Heavy Water Reactor (SGHWR) is a heavy water
moderated, pressure tube reactor which uses boiling light water as the
coolant. It is used for work in support of water reactors, including testing
fuels, fuel materials and components, and for obtaining operational
experience of power production from water reactors. The core consists of 104
fuel elements, each contained within a pressure tube which forms part of the
cooling circuit. These tubes pass through an aluminium calandria containing
the heavy water which acts as a neutron moderator. The fuel is slightly
enriched uranium dioxide pellets contained within Zircaloy-2 tubes
approximately 3.6 m long. Each fuel element comprises of a cluster of 57 of
these pins.

The spent fuel from the SGHWR is currently held for 2-5 years cooling in
the racks in the storage ponds, which are part of the SGHWR reactor complex.
The fuel is then transferred in a type 1120 flask to BNFL Sellafield where it
is further stored in the cooling ponds (Pond 3). It is then intended to
reprocess this fuel in the Thermal Oxide Reprocessing Plant (THORP) when the
latter becomes available in 1992/3. After reprocessing the fuel assembly end
fittings and the Zircaloy-2 fuel element hulls will be treated in THORP along
with the similar wastes from PWR and BWR fuel. They will be tipped into 5005
waste disposal drums and directly immobilised in cement using vibro-grouting.
In all it is expected that approximately 125 te of SGHWR fuel will be
reprocessed in THORP.

3.2 The Windscale Advanced Gas-cooled Reactor

The Windscale Advanced Gas-cooled Reactor (WAGR) was the prototype of
the UK's second generation of gas-cooled reactors. It had a thermal power of
120 MW and an electrical output of 36 MW. The reactor was graphite moderated
and C02-cooled. It used slightly enriched U02 fuel, clad in stainless steel.
Several designs of fuel element were used in the reactor. In the final
design the fuel pins were 15.2 mm dia and 910 mm long. They were made up
into clusters of 9 or 12 and loaded into a graphite sleeve to form an
element. Four such elements were linked together to form a "fuel stringer",
125 mm in diameter and 4.27 m long. These stringers formed the complete load
for each fuel channel in the reactor of which there were 253. Some of the

81



spent fuel from the WAGR reactor has been reprocessed at Sellafield. This
fuel was reprocessed over the period 1969-1973 in the B204 head-end plant and
the B205 Magnox reprocessing plant. The remainder is currently stored at
Sellafield in the reactor carousel and the cooling ponds (Pond 4). It will
be reprocessed in the THORP plant when the latter becomes available. There
are still about 80 fuel stringers, each comprising four elements, in the
reactor carousel waiting to be dismantled. This work is currently in
progress as part of the Phase 1 decommissioning programme for the reactor and
should be completed within the next 2 years. The fuel pins from the
stringers, which have been dismantled, have been put into 12.5 cm diameter
slotted cans for pond storage. After reprocessing the fuel element grids,
spacers and hulls will be treated along with the similar wastes from CAGR
reactor fuel. Details of the procedures and test programmes which have been
carried out to select the most suitable matrix and process for conditioning
the waste arisings, including those from the reprocessing of SGHWR and WAGR
fuel, have been given previously(l,2) along with details of the final
processes selected (3).

3.3 The Dragon High Temperature Reactor

The Dragon reactor was a helium-cooled, graphite-moderated, high
temperature reactor (HTR). It was operated at Winfrith by the OECD Dragon
Project between 1964 and 1976.

The reactor core had 37 fuel elements, each typically having seven
hexagonal graphite rods with gas flow positions between them. The outer six
rods were driver fuel that could be withdrawn and replaced and the central
position accommodated an experimental rod with purged coolant flow for
fission product release monitoring. Between the outer and inner graphite
sleeve of the fuel rods, stacks of annular fuel compacts, typically 45mm OD,
30mm ID and 54mm long were housed. These fuel compacts generally comprised
coated fuel particles within a dense graphite matrix. As many as 25 variants
of the fuel element design were tested, most of which retained the 7 pin
array. However, later designs used carrier blocks with channels containing
fuel rods, as opposed to clusters of individual fuel rods. Towards the final
stages of the project integral blocks containing bonded fuel rods were
irradiated.

During the ten years of operation of the Dragon reactor, a total of 5
'charges' of fuel were irradiated with major shut-down periods between each.
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Each charge was subdivided into up to 8 ' cores ' with short duration
shut-downs between each core during which some fuel rods were changed. By
far the largest proportion of each charge or core loading comprised the
driver fuel rods (typically 6/7ths of the total). Although this driver
material showed some changes, particularly during the first three charges (as
described below), the experimental fuel rods were used for the investigation
of a much wider range of fuel designs. The latter were subjected to more
detailed PIE examination, often in the countries of other Dragon project
members, and formed a small percentage of the total fuel irradiated. Thus
the proportion of experimental fuel compacts now in storage is relatively
small compared with driver fuel and most disposal considerations have
concentrated on the driver fuel.

The first 'charge1 contained driver fuel in all except 10 fuel elements.
This fuel consisted of 70% dense (ZrU)C kernels (93% U235 in U, Zr:U ratio of
8:1) within the size range of 250-420um, which were coated with a multilayer
pyrocarbon of ca 110-120um total thickness. The central elements for this
first charge contained (Th U)C2 (93% U235 in U, Th:U235 ratio of 10:1)
kernels coated with a multilayer coating of pyrolytic carbon (PyC)/silicon
carbide (SiC)/pyrolytic carbon. The remainder of the core comprised only
fissile material, typically totalling 15kg of U235.

The second 'charge1 comprised driver fuel, containing UCa + C (C:U ratio
of 10:1, 93% U235 in U) kernels coated with PyC/SiC/PyC, From charge III
onwards a standard driver fuel was introduced which only changed marginally
throughout the remainder of the project. By far the largest quantity of
driver fuel was of this type (designated D13) and ca 33,000 such compacts,
each ca 40cm3 in volume, were manufactured. This type of fuel comprised 80%
dense U02 + C kernels (93% U235 in U; C:U02 ratio of 10:1) of typically 600
\m diameter and coated with layers of porous PyC (25ura), inner high density
PyC (50um), silicon carbide (35um) and an outer layer of PyC (45um).

The driver fuel was taken to a high burn-up compared to conventional
thermal reactor fuels, typically a few hundred thousand MWD/te ie a depletion
of -40% in the original U23S content. The stocks of irradiated fuel compacts
currently stored in welded steel cans contain ca 200 kg enriched uranium of
which 80kg is U235 and about 1 kg Pu, 0.5 kg U233 (bred in from Th) and 50 kg
fission products. The activity of the latter is estimated to total 400,000
Ci (1.5 x 1016Bq) and the total heat emission is ca 2kW. Most of the
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activity of the fission products is due to Cs137/Ba137m (50%) and Sr90/Y90
(40%). These, together with Cs13S Pm1*7, Kr85, Eu15* and Sm151 make up ca
99% of the fission product activity of the fuel. There is a wide range of
burn-up values in the fuel. Almost all of the fuel elements were used in
more than one core and some were carried over from one charge to the next.

3.4 Disposal of the Dragon Fuel

The fuel elements were dismantled during and at the end of the Dragon
Project and the compacts were stored in welded mild steel containers in the
storage block at Winfrith.

Studies on possible reprocessing routes have been carried out. It was
shown that it was readily possible to burn the fuel to remove the graphite
matrix. This was regarded as a preliminary to any solution, either storage
or reprocessing. There was apparently no problem in dealing with the off-gas
from this burning process. It was then shown to be possible to crack the
coated particles in a roller-crusher and dissolve out the contents for
reprocessing. Even during the life of the project, however, this was not
regarded as a totally desirable solution and direct disposal of the fuel was
considered.

The coated particles are almost totally inert, particularly those with
the triple PyC/SiC/PyC coatings. Even at reactor temperatures, the only
fission products that escaped were the rare gases. The proportion of
particles where the coatings were cracked was eventually ~3 x 10'5 and this
small proportion of defective spheres was considered to be the main cause of
fission products release. Accordingly, the fuel appears to be in an
extremely stable form and is suitable for direct disposal when contained in a
suitable matrix/encapsulation/backfill system.

The three main decisions that need to be addressed are:

(a) Should the matrix fuel compacts, including the graphite matrix, be
left intact or fragmented to give a more homogeneous distribution
within the disposal matrix?

(b) Should the matrix carbon be burnt-off, thus significantly reducing
the spent fuel volume for disposal?
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(c) What should the disposal matrix be and what further barriers eg
encapsulation, overpack, backfill are required?

The advantage of burning off the graphite is that it should then be possible
to disperse the particles fairly evenly in the encapsulating matrix (eg
cement) . It may not be easy to ensure complete penetration of cement into
the central holes of the compacts. Burning-off the graphite will obviously
introduce another step into the process and leads to further secondary waste
streams (C02 and contaminated filters and, eventually, the contaminated cell
and furnace).

As far as the disposal matrix is concerned, initial considerations
suggest that it may not be necessary to look much further than some type of
cement. This is easy to use and will almost certainly be compatible with the
coated particles. It should also be capable, at the appropriate fuel
dilution, of withstanding the temperature and irradiation levels that will
arise. Further consideration still needs to be given to this point. While
the initial potential hazard of the fuel is dominated by Cs and Sr, in the
long term (>200y) the main hazards will be due to Am, Pu, Np and Tc.
Experiments on the disposal of high level waste and a range of intermediate
level wastes have shown that the high pH and the good sorptive properties of
cement will lead to aqueous concentrations of these elements in the
'near-field' of a repository which are comparable to the 'Limiting
Concentration'. This latter is the concentration which, if present in
drinking water, would lead to an annual dose of ImSv to someone drinking 2
litres per day. The annual dose due to natural background varies from place
to place but is typically about 2mSv. More detailed consideration of the
potential disposal containment materials and configurations suitable for the
direct disposal of Dragon fuel are currently underway.

4. SPENT FUEL FROM EXPERIMENTAL AND PROTOTYPE FAST REACTORS

Two liquid sodium-cooled, fast breeder reactors have been constructed
and operated by the UKAEA at Dounreay. The first of these, the 60 MW(t)
Dounreay Fast Reactor (DFR), was operated over the period 1959-77. All of
the spent driver fuel from the operation of this reactor has been reprocessed
at Dounreay. The bulk of this Zircaloy-clad, U-Mo (highly enriched U) fuel
was reprocessed in the D1206 DFR reprocessing plant over the period 1960-75.
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The remainder was reprocessed during the commissioning phase of operation of
the PFR reprocessing plant in 1979-80. All of the breeder fuel from the
operation of this reactor is, however, still stored at Dounreay. Options for
treating this fuel are currently being examined. Reprocessing is preferred.

The second of these reactors is the 250 MW(e) Prototype Fast Reactor
(PFR). The spent fuel from the operation of this reactor is reprocessed in
the D1206 PFR reprocessing plant(M. This is a U02 - Pu02 fuel clad in
stainless steel. The fuel wrapper wastes, which arise from the dismantling
of the fuel sub-assemblies in the fuel breakdown part of the reprocessing
plant, and the leached fuel element hulls from the dissolver are currently
stored in screw-lidded, 200S stainless steel cans in the high aßf retrievable
store(5). It is intended that these wastes will be retrieved from this
heavily shielded, remotely operated store. They will then be repacked into
200J2 drums and immobilised in cement by vibro-grouting in the solids handling
cell in the Dounreay cementation plant(6).

5. THE WINDSCALE PILE FUEL

The UK operated two graphite moderated, air-cooled, 180 MW(t) reactors
at Windscale from October 1950 for the production of plutonium . These
reactors were shut down following a fire in the No 1 pile in October 1957.
Each fuel element consisted of a bar of natural uranium metal (slightly
enriched to 0.9% U235 in the later fuel charges) clad in aluminium. 21 of
these elements, each of which was mounted in a graphite boat, were put in
each fuel channel. The fuel elements were loaded in the horizontal channels
at the charge face from a movable hoist and discharged by pushing the
graphite boats with the fuel elements out of the back face into skips in the
water ducts. The loaded skips were then winched into the fuel storage pond
where the fuel was allowed to cool prior to decanning and chemical
processing to extract the plutonium.

Following the fire the fuel was discharged from both piles but about 10%
of that from pile 1 could not be removed. It has been estimated that about
22 te (out of 180 te) of the fuel was not recovered from pile No 1 of which
an estimated 17 te remains in the core('). All the fuel was supposedly
discharged from pile 2 but an examination shows one element protruding from
the core.
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It is now intended to recover for potential reprocessing the undamaged
fuel from the inlet and outlet ducts. No decision will be taken on the
future of the damaged fuel until detailed examinations have been completed.

6. POST IRRADIATION EXAMINATION FUEL SAMPLES

Facilities are available in the UK for the Post Irradiation Examination
of spent fuel from research, prototype and power reactors in the UK. The UK
Central Electricity Generating Board has cells at its Berkeley Nuclear
Laboratories whilst the UKAEA has cells at its Dounreay, Harwell, Winfrith,
Risley and Windscale Laboratories. Details of all of these facilities are
summarised in Table 3.

At Berkeley the samples from PIE are temporarily stored and then
despatched to Sellafield. At Sellafield the samples containing fuel are
stored separately for later reprocessing whilst those without fuel are stored
in a high active silo to await immobilisation in cement and ultimate disposal
at a later date.

At Dounreay samples of fast reactor fuel are examined. The PIE wastes
which do not contain fuel are placed in the ßf silo(5). Samples, which
contain recoverable spent fuel, are stored in the high aßf retrievable
store (5). Options for conditioning these wastes are currently being
examined.

At Winfrith PIE is carried out on SGHWR fuel and on CAGR fuel. In the
latter case NDT examination is carried out and also a large number of small
samples are prepared for metallographic examination by the CEGB at Berkeley.
The AGR fuel pins which have been subjected to NDT only are put back into the
carcass of a fuel assembly as far as possible and are sent to BNFL Sellafield
for storage and reprocessing in THORP. Similarly, samples containing any
gravimetrically detectable fuel are sealed in cans and sent to Sellafield for
storage and potentially reprocessing. The large non-fissile components are
sealed in cans and sent to Sellafield for storage and ultimately
immobilisation in cement and disposal.

At Harwell PIE examination is carried out on fuel from CAGR, PWR, FBR,
experimental and prototype power reactors as well as oil special fuel samples
irradiated in the two MTRs, DIDO and PLUTO. The fuel pins are subjected to
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TABLE 3 POST IKRADIAITCN EXAMMAHCN FACILITIES K)R SPENT KIEL SAMPLES

Name and location
Harwell
High activity cells

Median and low activity
cells

Micro handling cells

Neutron radiography facilities

WLndscale
High activity caves

High and medium activity cells

Micro-handling cells

Description of facility and special features

Heavily shielded concrete cells with
manipulators , capable of accepting large
assemblies having activities up to 10 6 curies.
Lead-shielded oßf cells equipped for mechanical,
physical and chemical examination of radioactive
specimens.

Lead-shielded cells equipped for micro-
manipulation and detailed optical microscopy,
scanning electron microscopy and electron
probe micro analysis.

Special equipment utilising a beam of
neutrons fron the DIDO reactor for
radiography.

45 heavy duty concrete-shielded stations
for non-destructive examination, testing,
and sectioning of thermal reactor fuel elements
and stringer components.
Over 100 lead-shielded cells equipped to
test and examine in detail samples of fuel
elements and other items.

opY cells and electrcn-microsccpes (scanning
and transmission) and analytical equipment.

Purpose

To receive, dismantle, examine and sample
irradiated rigs or fuel element components from
any type of nuclear reactor
Mschanical testing, metallography, auto-
radiography, /'-scanning, chemical examination
of irradiated fissile and non-fissile materials,
and fission gas sanpling and analysis.
Examination of small radioactive specimens.

For detailed radiographie examination of
inactive and active specimens, especially
irradiated fuel elements and rigs.

Examination of components from CAGR, Magnox and
LWR systems by techniques including photography,
x-radiography, /-scanning, mstrology, leak
testing, gas sampling and impact testing.
Metallography, ceramography and the mechanical
and physical testing of samples of fuel elements
and associated compcnents fron reactor systems.

Detailed study of the nicrostructure and
ooiposition of small specimens of irradiated or
o-active specimens of fuel, cladding or other
materials.



TABLE 3 (Contd)

Name and location

Wmfrith

High activity caves

Dounreay

PER caves

oßf cells

ßr cells

oßf micro examination facilities

Description of facility and special features

7 cave line which is on hire to the QEGB
3 cave line

1 very large concrete-shielded cell capable
of handling up to 10* curies oßy

A caves for handling up to 5 x 10s curies ogf.
6 cells ic to 5 x 105 curies aß/ and 4 up to
5 x 10* curies.

3 cells for handling 5 x 105 curies ßy
6 cells for handling up to 103 curies ßf
1 cell for handling up 100 curies ßf

Scanning electron probe micro analyser
and transmission electron microscope.

Purpose

Examination of fuel from the A3R stations and
other reactors - examination of fuel
experiments.

Handling, disassembly and examination of fuel
and experiments fron PFR.

Disassenbling, handling, dianantling and
dimensional examination of fuel elements fron
PER.

Examination of physical properties of fuel and
experiments; handling, disassembly and
examination of non-fuel experiments and reactor
reactor ccrapcuaits.

Study of corrosion and redistribution in
irradiated fast reactor fuel sections and studies
of neutron induced voids in irradiated fuel
rladfHng materials.
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both NOT and destructive examination. The latter involves dismembering fuel
assemblies, cutting, preparation of metallographic samples and examination by
SEM etc. All the samples from the caves, including those with fissile
material, are put into painted mild steel cans. These cans, which are
approximately 18 cm dia x 38 cm, have push-fit lids with a soft rubber seal
and four closing lugs. They are transported by flask to a tile hole (below
ground storage tubes set in concrete) store where they are currently stored.
Details of this store and its mode of operation have been given
previouslyC8). A new design of can, constructed of stainless steel with an
'0' ring sealed lid, is currently being evaluated and is likely to replace
the mild steel cans in the future. Options for the conditioning of these
wastes for disposal are still being reviewed.

At Windscale the PIE cells are operated by BNFL and the wastes are
stored at their adjoining Sellafield site. PIE is currently carried out on
CAGR and Magnox fuel. In the past WAGR fuel was also examined. PIE samples,
which do not contain fuel, and debris from the dismembering of the fuel
assemblies, such as stainless steel grids and graphite from CAGRs, are stored
in compartments of the high aßy silo. In future they will be retrieved and
immobilised in cement for long term storage and ultimate disposal. Fuel
samples are put into special cans and are sent to Pond 5 where they are
stored under water pending reprocessing.
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MANAGEMENT OF SPENT FUEL FROM RESEARCH REACTORS,
PROTOTYPE POWER REACTORS AND FUEL FROM FUEL
TESTING PROGRAMS AND PIE IN HOT CELLS

A. HOLMÉR
Studsvik Energiteknik AB,
Nyköping, Sweden

Abstract

During the development of the Swedish nuclear power industry
STUDSVIK has operated several prototype and research reactors.

The first reactor in Sweden, Rl started in 1954, was
decommissioned during the period 1981-1986 and the fuel elements,
metallic uranium with aluminium cladding, are stored in Studsvik. The
method for the long-term interim storage and f ina l disposal or
reprocessing is not yet decided.

The 65 MW HpWR Agesta reactor was shut down in 1974. The fuel
assemhlies were transported to Studsvik for short-term storage under
water. After approvals from the Swedish authorities the Agesta fuel is
being transferred to CI,AB starting in September 1987. The CLAB fac i l i ty
is bui.lt for interim storage of all spent fuel from Swedish reactors.

Fuel testing programs and PIE in hot-cells have generated fuel
waste now stored in a dry storage facility at Studsvik. This waste wi l l
be transferred to the hot-cell laboratory for encapsulation in stainless
steel canisters. These canisters are loaded into transport boxes
designed to fit a transport cask and the storage cassettes at CLAB. The
encapsulation work is planned to start in 1989.

INTRODUCTION

The development of nuclear power in Sweden included the opera-
tion of several research and materials testing reactors and
laboratories, starting with the Rl reactor in 1954. During the
period from 1981 to 1986 most of these early facilities were
decommissioned ( 1 ) . STUDSVIK is also part owner of the prototype
65 M W ( t h ) Agesta heat and power reactor which was shut down in
1974.

A considerable amount of medium and low level waste has been
stored at Studsvik during the operation and decommissioning of
these facilities. Also spent fuel in the form of complete fuel
assemblies and specimens from fuel testing have been stored at
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Studsvik. The Âgesta fuel assemblies and some of the Rl elements
are stored in water pools, while the fuel waste from testing and
the remaining Rl elements are kept in dry storage in a concrete
shielded facility.

During recent years the Swedish Nuclear and Waste Management
Company, SKB (jointly owned by the Swedish utilities), has
developed a comprehensive system for the handling and final
disposal of reactor operation waste, spent fuel and decommis-
sioning waste. Several important parts of this system have been
constructed and are now in operation: the final repository for
reactor waste (SFR), the central storage facility for spent fuel
(CLAB) and a special sea transport system. Other parts of the
system are in the planning stage, such as the final repository
for long lived waste (SFL), to be commissioned in 2020.

The accumulated older waste as well as the waste currently
produced at Studsvik has been contracted for storage in the SFR
and SFL repositories and must therefore be conditioned and
packed to fit into the SKB system for transport, handling and
disposal. Most of the LLW has been incinerated and/or cement
solidified to form suitable packages, while the MLW has been
collected and left untreated in the concrete shielded dry
storage.

A separate project, AMOS, for the modernization of the waste
facilities at Studsvik was carried out during the period from
1982 to 1987. The main feature of the AMOS project was to build
a treatment plant for MLW and an interim storage (6 000 m
effective storage volume) in a rock cavern at Studsvik, mainly
for MLW. Transfer of MLW and LLW to SFR is anticipated to start
in 1990. An overview of the AMOS project is given in (2).

AMOS also includes installation of special equipment for the
conditioning of fuel waste. The strategy chosen is to transfer
the Âgesta fuel assemblies and fuel waste from fuel testing
programs and PIE in hot-cells to CLAB for interim storage and
future transfer to SFL. The transport of the fuel assemblies to
CLAB has already started. The strategy for the Rl uranium metal
fuel is not yet decided.
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MANAGEMENT OF SPENT FUEL FROM STUDSVIK

Spent fuel in total 221 assemblies from the 65 MW HPWR Âgesta
reactor has been stored in water pools in a special facility at
Studsvik. After pre-studies carried out by STUDSVIK and SKB a
plan was approved by the authorities to transfer the fuel to the
CLAB facility for interim storage until it goes for final storage
in SFL after 2020.

The fuel assemblies from the Âgesta reactor are stored in the
underground fuel storage at CLAB in a somewhat modified type of
BWR-cassette. Each cassette holds 31 assemblies.

The transfer operations which started in September 1987 involve
transportation by road using a 29 ton cask capable of holding
seven assemblies. Up to November 1988 eighteen trips had been
made of a total 32 envisaged for the project.

The fuel from the decommissioned Rl reactor was made of natural
metallic uranium and aluminium cladding. Some of these elements
are stored dry, some of them are stored in water pools.

Since both the metal fuel and the cladding material are chemi-
cally reactive, alternative methods for conditioning are being
critically examined before a decision is made.

The aims of our project for the uranium metal fuel are first

intermediate storage in the rock vault at Studsvik,
followed by

transfer to a foreign reprocessing plant or

transfer to the projected deep geological repository
for spent fuel.

Encapsulation in stainless steel was the method adopted for fuel
specimens from our destructive testing of fuel rods from a
variety of fuel testing programs running over the last 30 years.
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Different materials and designs of canisters were investigated
in order to arrive at an appropriate solution.

89

1 . Pieces of fuel rods
2. Steel capsule
3. Stainless steel canister

Figure 1
Stainless steel canisters
for encapsulation of fuel
test specimens.
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Twelve fuel canisters, Figure 1, are loaded into a transport box
according to Figure 2. The transport boxes are designed to fit
the 29 tons transport cask and the storage cassettes at CLAB
which normally are used for PWR-fuel.

\
V

Figure 2

Transport Box Containing
Stainless Steel Canisters
Loaded with Fuel Test
Specimens for Transfer to
CLAB from Studsvik.
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Spent fuel from Swedish research and prototype
reactors and spent fuel arising from fuel tes-
ting and examination programs at STUDSVIK.

Quantity of material:

Fuel assemblies from the 20.2 tons
65 MW HPWR Âgesta reactor
Fuel from the decommissioned 4.8 tons
Rl reactor (metallic uranium)
Fuel from fuel testing programs 2.2 tons
and PIE in Hot-Cells
Total weight of uranium 27.2 tons

Below the scheme for the management of spent fuel from
Studsvik

Dry storage Storage in water pools

Encapsulation in hot cell facility Agesta fuel
assemblies

Central storage facility for spent fuel (CLAB)

Repository (or long-lived waste (SFL)

ENCAPSULATION OF FUEL WASTE FROM FUEL TESTING PROGRAMS AND PIE

Nuclear fuel waste has been generated from post-irradiation
examination programs in our hot-cell laboratory since 1960.
Pieces of fuel rods and fuel test specimens placed in steel
capsules are now stored in a concrete dry storage facility at
Studsvik. These capsules are transferred to the hot-cell labo-
ratory for encapsulation in stainless steel canisters.

The choice of canister type has been made after conducting a
special test program and with due regard to the anticipated 40
year wet storage in CLAB and the subsequent treatment before
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final storage in SFL. The stainless steel canister to be used
for fuel waste is shown in Figure 1. The canisters have an outer
diameter of 89 mm, a wall thickness of 4 mm and a length of
1110 mm.

Handling of waste capsules and canisters and welding of the top
lid of the prefabricated canisters will be performed in the Hot
Cells by special equipment developed for these purposes. The
canisters are filled with helium. The equipment also includes
devices for helium leak tests of the encapsulation.

All stainless steel canisters are manufactured under QA/QC-
procedures.
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SOME ASPECTS OF VVER AND BN IRRADIATED FUEL
STRENGTH DURING STORAGE AND SHIPPING
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Abstract

The paper discusses processes responsible for the core irradiated
fuel condition.

The extent of fuel clad damage is one of the factors that can
limit the residence time of fuel assemblies (FA) in a storage pool and a
shipping cask.

Consideration is given to VVEK and BN fuel storage conditions. It
is shown that for BN fuels the interim holding of FA in an inreactor
storage facility is of fundamental importance.

It is shown that to develop methods of spent fuel management some
properties of structural materials must be further studied. For shipping
casks an approach is shown to determine the maximum permissible fuel
temperatures the knowledge of which is important for a cask design.

1. INTRODUCTION

Spent fuel management is rather a wide concept and involves

some operations from a fuel discharge from a core to fuel condi-

tioning for reprocessing at a radiochemical plant. In the Soviet

Union the atomic power development contemplates a closed fuel cycle

for both WßR and fast reactors. Under closed fuel cycle conditions

the problem of spent fuel management is mainly reduced to the so-

lution of two problems: fuel storage in a pool and shipping to a

radiochemical plant. In addition to technical aspects this problem

has recently acquired a social importance too due to a high irra-

diation induced danger of spent fuel for atomic power station

staff, population and environment.
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The major barrier between high activity fuel and the environ-
ment ia a fuel clad which muat ensure a certain acceptable activity
level in a reactor and a storage facility as well as a reliable
localization of irradiated fuel during shipping. The maximum clad
damage occurs during fuel operation in a core. The processes of
evolution of accumulated damages continue in a storage pool and
during shipping. Corrosion induced damage proceeds rather slowly
both at the outer and inner surfaces of a clad under the action of
aggressive fission products. Depending on a temperature an addi-
tional fuel distortion is possible under condition of creep etc.
All these problems should be solved in the main during fuel design
developments, i.e., spent fuel management conditions are one of
the design parameters. Therefore, to solve the problems of a safe
management of a discharged PA one should have a clear-cut know-
ledge of processes taking place throughout a whole FA "life" and,
particularly, of the mechanisms of fuel clad damages.

This paper discusses some problems that are responsible for
the stability of discharged PA of WER and BN types both during
storage and shipping to a radiochemical plant.

2. FUEL GLAD CONDITION AND ITS INFLUENCE ON FUEL PIN
STABILITY DURING STORAGE

The processes of PA discharge from the core into a storage
pool are different for WER and BN reactors. This is due to
dissimilar levels of residual specific power ratings of spent
fuel and additional technological operations with BN irradiated fuel

The residual power rating of WER FA allows a direct discharge
of spent fuel into a cooling pond where cooling is effected through
a natural convection of water. In case of BN reactors the require-
ments for fuel pin washing make it necessary to subject FA to
interim holding in an in-reactor storage facility (ISF).
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2.1. WER Reactor Fuel
The characteristic feature of the WER-1000 reactor is rather

high specific loads on fuel pins up to 490 W/cm. The release of
PGP under the fuel clad during the life-time is 40-50$. The design
of the fuels is such that at the end of their cycle the pressures
exerted by the coolant and the gas mixture under the clad are
equal. Therefore, when FA ' s are placed in a storage pool fuel dads
experience tensile stresses up to 70-80 MPa which as is known
accelerate corrosion processes. The filler gas of a fuel pin con-
tains a large amount of fission products (I, Cs, Cd, Te and oth. )
aggressive to Zr-alloy.

The situation is aggravated by the fact that during reactor
irradiation under transient conditions cracks can nucleate and
propagate in a cladding material. In case of the backpressure of
a coolant under steady-state conditions the stresses in a clad
remain compressive throughout the whole fuel cycle and cracks can
grow by the corrosion cracking mechanism as a result of a thermo-
mechanical fuel-clad interaction in transients the number of which
has been determined and limited. It should be noted that studies
into the process of a clad failure show that the crack propagat-
ion is markedly nonlinear. A relatively slow crack propagation at
the stage of the nucleation and initial growth of an incipient
crack changes into an avalanche-like process of failure (a through
penetration). This fact is confirmed by both theoretical and expe-
rimental investigationsusing the method of acoustic emission /1 /.
As an illustration fig.1 shows the dynamics of a crack propagation
in a VV.ßR-1000 fuel clad at different stresses. It can be seen
that the critical crack depth above which an accelerated crack pro-
pagation starts is ~60-70 mem.

It has been already pointed out that compressive stresses
restrain to a certain extent the process of a crack propagation in
the core. However, when PA is discharged into a storage pool the
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Pig.1. SCO propagation in WER-1000 fuel clad

picture changes drastically: conditions are set up for a crack
propagation by the mechanism of stress corrosion cracking. If the
depth of a crack is adequate the clad can loose its tightness as
early as the moment of unloading or at the initial period of
storage.

It is natural that handling PA irradiated to high burn-up
requires particular care. For the cardinal solution of this problem
special measures must be taken to limit clad damages in the core.
Along with the limitation of reactor transients consideration is
given to the use of a bimetallic clad for WER-1000 fuels. The in-
vestigations show that a layer of pure zirconium 100 mem thick
applied to the inner surface of a clad reduces by a factor of 5 and
more the design crack depth at the end of a cycle; this fact signi-
ficantly mitigates the requirements on spent fuel handling during
storage and shipping.

The problem of time allowed for spent FA in a pool requires
special studies. The above reasoning shows that the maximum time
of storage in a pool depends mainly on the fuel clad condition
following irradiation. But under reduced conditions of storage too
the processes leading to a clad failure continue and they must be
estimated quantitatively.
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In the first place SCO at low (up to 100°C temperatures)
requires studying, the more so, under conditions of .residual j[ -
irradiation fission products retain a higher corrosion activity.
In the Soviet Union investigations are being carried on along these
lines the ultimate aim of which is to determine criteria that could
be used to predict the condition of WER - type fuels long-term
storage. These are model laboratory investigations to estimate damage
accumulation under conditions close to those of fuel storage as well
as studies into fuel conditions held in a pool for varying periods
of time.

2.2. BM Reactor fuel
The fast reactor core is characterized by more rigid conditions

of fuel clad work. The fuel residence time in a pool is also charac-
terized by rather high stresses of dads effected by the pressure
of fission gas products (~ 30 MPa). Therefore, all the problems
inherent in WER fuel retain their significance for the determinat-
ion of the safe conditions of storage of spent BN fuel.

However, the situation is significantly aggravated by the use
of ferritic and ferritic-martensitic steels as fuel clads and PA
wrapper. The use of these steels permits the fuel burn-up to be
increased to 15-20$ thanks to their higher radiation stability. One
of the causes that restricts the use of these steals is their
substantial corrosion in water. If special measures are not taken,
the fuel assemblies can loose their tightness simply due to water-
side corrosion in a storage tank. For instance PA (1X13M2EPP steel
wrapper, fuels clad in OX16H18M5P steel) held in the BN-350
reactor pool for 1.5-2 years showed individual corrosion induced
damages up to ~100 mem deep. Along with the possible loss of
tightness a high corrosion has one more danger. It is possible that
corrosion products can make the heat transfer from individual fuel
pins in PA very difficult and this can lead to a hot spot on a clad
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and to a high probability of a fuel failure. In this case the water
contamination with irradiated fuel is possible. Thus, among other
problems a change-over to ferritic and ferritic-martensitic steels
requires the solution of the problem of spent fuel storage. As a
apecial measure the possibility is considered of PA storage in
special containers filled with distilled water as well as using
inhibitors to suppress corrosion processes.

The problem of a fast reactor PA interim storage in an in-
reactor storage facility should be dealt separately. The PA residence
time in ISP is equal to the period between refuelling. To-day this
period is equal to 180 days for the Soviet fast reactors. In future
it can be increased to 200-250 days.

In ISP the fuel clad temperature and gas pressure effected
stress levels do not essentially differ from those under operating
conditions. The design values of these parameters for BN-600 are
listed in table 1.

Table 1

Parameter

Maximum temperature of clad, °G
PGP induced hoop stresses, MPa

Core

710
39

ISP

650
37

In ISP a high corrosion activity of fission products is retain-
ed due to the available weak neutron field and gamma-radiolysis,
i.e., processes of accumulation of clad damages proceed rather
intensively.

One of the possible ways of solving this problem is to lower
the temperature in ISP.

To illustrate the effectiveness of this measure estimates
were made of a decrease in long-term strength margins during holding
BN-reactor fuels in ISP at two design temperatures, viz., 650 and
600°C. The results of the calculations are given in Fig. 2. The
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graphs show that if at 650°C the rupture life margin is lowered by
about 40% as compared to the level reached in the core, at 600°C
this decrease is insignificant..In the latter case it can be said
that the residence in ISP practically does not affect the fuel clad
stability. This instance is an example how the analysis of the con-
ditions at the designing stage can significantly facilitate the
conditions of spent PA storage and, hence, raise the safety of
handling irradiated fuel.

3. STRENGTH ESTIMATES DURING TRANSPORTATION

PA's are shipped to a radiochemical plant and hot laboratories
in shipping casks..

Despite some difficulties in choosing a model of fuel behaviour
during transportation, some criteria can be scheduled that allow
estimation of fuel stability. These criteria must be baaed on the
estimation of corrosion and deformation processes in irradiated
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fuels during their shipping. Certainly, the results of such an esti-
mation are significantly dependent on fuel clad and shipping cask
conditions. On shipping the temperature level is higher compared to
that in a storage pool. Besides, additional mechanical loads
develop.

The integrity of spent fuels under the action of dynamic loads
during normal shipping conditions is mainly determined by the re-
sultant overloads, clad material condition and the availability of
stress and strain concentrators. Dynamic loads are especially
dangerous for rather brittle clads of BN type fuels irradiated to
high doses. The adequately high residual plasticity of zirconium
clads helps them to partially accomodate possible local strains and
stresses. However, there are processes that can lead to a signifi-
cant reduction in the plasticity of WER type fuel clads and in-
crease the probability of their failure during shipping:

hydration (especially local one at the inner surface);
corrosion (local and uniform) at the outer and inner surfaces

of a clad;
clad damage due to a mechanical fuel-clad interaction in com-

bination with corrosion effected by aggressive fission products;
irradiation induced embrittlement. ;

To-day the problems of the dynamic strength of spent fuel at
moderate temperatures, particularly, of those irradiated to high
burn-up require additional research. Therefore, it is quite
reasonable under normal shipping conditions to limit dynamic loads
so that they might not be higher than those in operations with spent
fuel in a core and a storage pool.

Experimental data presently available on corrosion and strain
properties of structural materials permit an adequately unbiassed
foundation of requirements on some parameters of shipping casks,
particularly temperature conditions.

108



As numerous experimental studies show /2,3 /corrosion processes
of Zr-1% Nb alloy in aqueous media are not to limit the stability
of spent fuels at temperatures below 250°C even on long-term
holding (one year or more). Design estimates for a WER-1000 fuel
pin irradiated to the burn-up of ~ 50000 MW.day/tU with a clad
subjected to the inner static gas pressure show that the ultimate
corrosion induced damage on the water-side sets in under the follow-
ing conditions:

at Tcl = 250°C after I year;
at Tcl = 200°C after 3 years;
at Tcl = 100°C after 30 years.
In case of a gaseous atmosphere in a cask the limiting para-

meters are creep strains of a clad and stress corrosion cracking
that was discussed in detail above. The estimates show that with
the permissible one year storage of WER fuel assemblies in such
a cask the temperature of a clad must not be above 350°C under
normal shipping conditions.

Prom the viewpoint of the safe shipping of spent fuel it is
interesting to discuss accident temperature exc.ursions and the
influence of their duration on a fuel clad condition.

The results of the calculations of the time to failure of a
WER fuel clad in steam in the pressure range 5 to 12 MPa within
700-850°C are listed in table 2.

Prom the analysis of the results it follows that
- at clad temperatures > 700°G spent fuels will fail in less

than 25 minutes;
- during overheating the threshold value of the clad tempera-

ture at which no failure occurs for the time comparable to that of
shipping is significantly lower than 700°C.
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Table 2
Time (in seconds) to Corrosion Induced Failure of
Internally Pressurized WER Fuel Clad

^^^^-^Temperature ,^ °CPressure ~̂~~~~~-~̂ _drop, MPa ~̂~~""-~-~̂
5
6
7
8
9
10
11
12

700

1522
1131
540
358
249
180
134
103

750

183
105
65
43
30
21.6
16.2
12.3

800

26.8
15.3
9.6
6.3
4.4
3.2
2.3
1.8

820

13.1
7.5
4.6
3.1
2.2
1.5
1.1

< 1

850

< 1
< 1
O
<1
O
<1
<1
< 1

4. CONCLUSION

The processes discussed that determine the core irradiated
fuel condition are very important for the subsequent spent fuel
management. The problem of the storage of power reactor irradiated
fuel becomes more acute with a higher burn-up, moreover, the storage
conditions can limit the fuel life. For instance the use of pro-
mising steels of the ferritic-martensitic class in BN type reactors
is in many respects limited by the corrosion in the water of a
storage pool.

In addition to high burn-ups, one more factor that affects the
fuel stability during storage is the operation of atomic power
stations in a load follow mode. This operational schedule assists
nucleation and propagation of damages in a clad; this fact requires
special studies into the allowable duration of FA storage under
pool and shipping conditions.
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Thus, the operational conditions as well as irradiated fuel
management must be taken into account as early as at the designing
stage and this will make it possible to avoid accident conditions
during storage and shipping.
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Abstract

From 1958 to 1987 four research reactors have been operating in
Spain. At present, these four reactors are closed down and they have
been declared to be decommissioned. The management of stored spent fuels
is the first stage to be done.

The different management options of these diverse kinds of spent
fuels are presented in this report, including several irradiated fuel
rods from the nuclear power station "José Cabrera" which were subjected
to post irradiation examinations.

A total of 165 spent fuel elements have been discharged from the
JEM-1 reactor during its operational life. All these irradiated fuel
elements have been or will be reprocessed, although different ways of
management have been used throughout the years.

The other three research reactors have used the same fuel elements
during all their operational life. These fuel elements have a very low
radioactive level.

Twenty two irradiated fuel rods from the nuclear power station
"JOSE CABRERA-ZORITA" (PWR type) were used for post irradiation studies
and examination. Their burn-up are between 20.000 and 60.000 MWD/tU.

Handling, storage, conditioning, transportation, reprocessing,
etc., for the different fuels are analyzed in this paper from the Spanish
experience and point of view.

1. INTRODUCTION

Presently four research reactors, whose main characteristics are shown
below, are being closed down in Spain, thereby bringing the necessity
of managing the stored spent fuel elements.
The management of the fuel elements used in these reactors also
including the management of several spent fuel rods from the "José
Cabrera" (PWR) power plant used for post-irradiation examinations
(PIE) are described in this document.
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NAME

JEN-1

CORAL- I

ARGOS

ARB!

REACTOR
TYPE

POOL

FAST

ARGONAUT

ARGONAUT

POWER

3 MW

50 W

10 KW

10 KW

FUEL

MTR

METAL
URANIUM DISK

PLATE

PLATE

U-235
%

20-90

90

20

20

STARTING

OCTOBER
1958
MARCH
1968
JUNE
1963

FEBRUARY
1962

CLOSURE

JUNE
1984
MARCH
1987
JULY
1975
JUNE
1975

The storage, handling, conditioning, transport, reprocessing, etc, of
the different fuel elements are explained in this document from the
Spanish experience and point of view.

2. JEN-1 RESEARCH REACTOR

2.1. General Description

The JEN-1 research reactor is a 3 MW pool type, and uses water as
the coolant and moderator. The reactor core has an arrangement of 9
x 9 cells in which the fuel elements are placed surrounded by
graphite elements.

The core load has 30 elements, corresponding to 4,05 Kg of U-235
approximately, that generate an average thermal flux, inside the
core, of 1,8 x 10"^ n.cm'^-sec-l, when the power is 3 MW.

The pool where the reactor is placed has a concrete structure with a
thickness of 3 m.. The pool is stainless steel lined.

2.2. Fuel elements

The fuel elements are MTR type (Fig. 1). These are made up of 10
flat and parallel plates, attached laterally by two aluminium
structural plates, whose internal surfaces are mechanized to
allocate the fuel plates. The whole unit is a square base prism,
having in its endings two pieces of cast and mechanized aluminium
(heads).
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FIG.I- FUEL ELEMENT - JEN-1 R E A C T O R

The fuel plates are made up of an uranium-aluminium alloy, enclosed
in an aluminium cladding. The uraniumm enrichment can reach up to a
90% in U-235.

2.3. Spent Fuel Management

All the spent fuel elements unloaded of this core have been or are
going to be reprocessed.
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Since the starting of its operations in 1958 until its shutdown in
1984, 163 spent fuel elements, with different enrichments and
specific burnups, have been generated. The main characteristics and
the final destination of these irradiated elements are summarized
below.

NUMBER OF
IRRADIATED

FUEL
ELEMENTS
35
36
52
7

22
11

INITIAL
ENRICHMENT
% U-235

20,0
90,0
90,0
17,7

79,6
20,0

REPROCESSING
DESTINATION

JEN (SPAIN)
MARCOULE (FRANCE)
D.O.E. (U.S. A)

»

it
u

DATE

1967
1974
1985
1989

1989
1989

OBSERVATIONS

STORED IN
THE REACTOR

Idem.
Idem.

As the chart shows, different reprocessing plants have been used for
their treatment.

The first stage of the spent fuel elements management started with
their temporary storage in the reactor pool.

2.3.1. Management of the First Unloading

The first unloading was made up of 35 irradiated fuels, with an
initial enrichment of 20% in U-235. After their temporary
storage in the reactor pool, for more than a year, the following
operations were performed with the elements:

1. They were loaded, one at a time, into a cask of 4,7 ton. This
was made in the reactor pool.

2. They were transferred into a hot cell, located 100 m. away
from the reactor.
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3. Once the fuel was inside the hot cell, the following
operations were performed:
- The two heads of the fuel element were cut with an electric

saw with hydraulical advance.
- Once the two heads were cut, the two structural aluminium

plates were pulled away, leaving the fuel plates separated.
- The fuel plates, in groups of two or more ones, were loaded

in another cask of 1,5 ton.

4. The plates were taken to a reprocessing pilot plant, located
300 m away.

5. The reprocessing operation was made by a modified PUREX
process. The uranium recovered, as uranyl nitrate, had a
17,7% enrichment in U-235.

6. The recovered and purified uranyl nitrate was transformed
into uranium oxide (1)303), by a former precipitation into
amonium diuranate. The uranium oxide was used to manufacture
new fuel elements, having been some of them used in the JEN-1
reactor.

2.3.2. Management of the Second Unloading

The second unloading consisted in 36 irradiated fuels with an
initial enrichment of 90% in U-235. After a temporary storage,
as with the first unloading, the following operations took place:

1. They were loaded, one at a time, in the cask of 4,7 ton.

2. They were moved into the hot cell, where the following
operations were made:

- One of the two heads was cut using the electrical saw above
mentioned.

- The fuel was loaded, with a head cut, in the cask of 4,7
ton.

3. They were moved back to the reactor, where they remained
stored.
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4. They were loaded into a GOSLAR cask, with a maximum capacity
for 13 fuel elements. This operation was made in the reactor
pool. Due to the internal measures of the GOSLAR cask, one of
the heads of the fuel elements had to be cut.

5. The GOSLAR casks, with the 36 fuel elements, were transported
to Marcoule (France) to be reprocessed.

6. The recovered uranium, as uranil nitrate, with an enrichment
of 79,6% in U-235 came back to Spain.

7. The uranyl nitrate was used, after being transformed, to
manufacture new fuel elements, having been some of them used
in the JEN-1 reactor.

2.3.3. Management of the Third Unloading

It consisted of 52 irradiated fuels, with an initial enrichment
of 90% in U-235. After a temporary storage, the same operations
of second unloading took place, with the only variation of
their being transported, in GOSLAR casks, to the Savannah River
(South Caroline, USA) reeprocessing plant. The recovered uranium
was not delivered back to Spain.

2.3.4. Management of the Final Unloading

It consists of 40 irradiated fuel elements with several initial
enrichments.

When the final shutdown of the JEN-1 reactor was decided in
1987, the management of the 40 irradiated fuel elements which
were stored in the reactor pool, was thought to be similar to
that at the third unloading. But after two years, the US
authorization for the GOSLAR cask expired, being therefore
necessary to dispose of another cask to carry out the transport
to USA.

After analysing several possible solutions it was decided to use
the TN-1 cask to carry out the transport. This decision
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presented two important problems:

1) The TN-1 cask weight is nearly 20 ton., and the reactor crane
load capacity was only 15 ton.

2) The internal measures of the TN-1 cask forced us to cut the
fuel element heads to a length of 650 mm.

Having studied the above mentioned problems we arrived to the
following conclusions:

1} It was technically possible to cut the two fuel elements
heads at CIEMAT.

2) It was not possible to increase the crane capacity of the
reactor.

3) It was possible to cut one of the fuel element heads in the
reactor pool of the Petten Research Communitary Center
(Netherlands).

With these conclusions it was decided to accomplish the
following tasks:

1) Cut of one of the fuel element heads (already made) at CIEMAT.

2) Transport of the 40 fuel elements in the GOSLAR cask from
CIEMAT (Spain) to Petten (Netherlands).

3) Cut of the other fuel element head at Petten.

4) Transport of the 40 fuel elements in a TN-1 cask from Petten
to Savannah River (USA).

5) Reprocessing of the 40 irradiated fuel elements in Savannah
River.
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3. CORAL-1 FAST EXPERIMENTAL REACTOR

The CORAL-1 fast experimental reactor is formed by a cylindrical core
of a 90% U-235 enriched uranium, surrounded by a parallelopidedic
reflector of natural uranium. Both the core and the reflector are
separated in two equal parts, one of them on a mobile carriage and the
other one on a steady table. The core zone on the mobile carriage is
also mobile and it is called the safety piston. To start operating the
reactor it is necessary to move the mobile carriage in order to joint
the two reflector halves, and once the contact is made, the safety
piston is introduced to joint the two core halves.

The purpose of this reactor is to dispose of a fast neutron flux, used
for calibration in neutronical instrumentation, experiences in
neutronical noise, approximation studies to critical situations,
training (nuclear power plants operator courses), etc.

The reactor, with a maximum power of 50 W, reached its first criticity
in March, 1968 and the last one in March, 1987. The reactor core
consists of several 114 mm. diameter and variable thickness disks of
metalic uranium (90% in U-235) with a nickel coating. The uranium
total weight is 26.667 g. The reflector consists of several
prismatical 20 x 5 x 5 cm. and 10 x 5 x 5 cm. pieces with a natural
uranium total weight of 3230 Kg.

For each one of the fuel elements of the core, the burnup degree,
expressed in generated energy (w.h), and the radioactivity level
(mrad/h) are given below.

Presently, both the core and the reflector of the reactor are
dismantled and the nuclear materials stored. The enriched uranium
disks are stored in a safe system, from a critical point of view,
consisting of a closet with 18 individual departments, one for each
disk.

Referring to the core reactor material and taking into account its low
irradiation degree, its possible delivery to an european country is
foreseen.
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DISK
NUMBER

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

4. ARGOS AND AR8I

GENERATED ENERGY
(w.h)

389,3
377,5
363,4
346,9
328,0
307,0
284,0
258,6

Not used
Not used
Not used
Not used
1256,4
1839,9
2386,4

59,1
60,7

Not used

EXPERIMENTAL REACTORS

RADIATION LEVEL
(mrad/h)

34
34
32
34
30
30
28
26
--
--
--
--
40
40
40
20
20

ARGOS and ARBI are two similar reactors used for nuclear engineering
training and research. The first one is located in Barcelona at the
Escuela de Ingenieros Industriales and the second one in Bilbao at the
Escuela de Ingenieros. Both of them were built in Spain, with the
design of the Argonaut prototype from the Argonne National Laboratory,
(USA). Since its starting in 1963 and until 1975 they have been
working normally being its operation stopped since then.

The maximum power of these reactors is 10 KW. The fuel elements are
formed by a maximum of 17 plates. The measures of the plates are 650 x
76 x 2,5 mm and contain a mixture of U^QQ (60%) and Al (40%). (Fig. 2)
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FIG.2-FUEL ELEMENT ARGOS AND ARBI REACTORS

The uranium used, enriched up to 20% in U-235, was supplied by USA in
hexaflouride way. The manufacturing of the fuel plates was
accomplished in Spain.

As requested by these Universities, both installations are going to be
dismantled. To initiate this operation it is previously neccesary to
put away the fuel elements stored in the installations, procedure
which is now in an authorization phase.

There are 200 irradiated fuel plates stored in the ARGOS reactor and
102 in the ARBI reactor. As the operation of both reactors has been
significantly altered, the specific burnup of the spent fuel plate has
also been very different. Accordingly, the radiation level of the ARGOS
reactor plates is more or less the same as the corresponding to non
irradiated fuel and the ones of the ARBI reactor have an average
contact radiation level of 1,2 Rad/h.

Anyway, the foreseen management of all these plates will be the same
one, that is, their possible dispatch to the USA for its reprocessing.
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5. IRRADIATED FUEL RODS OF THE "JOSE CABRERA" NUCLEAR POWER PLANT

During the seventies, a research and development programme among
Westinghouse (USA), Union Eléctrica Madrilena, S.A. (Spain) and Ounta
de Energia Nuclear (nowadays called CIEMAT) was carried out to study,
by post-irradiation examinations, the behaviour of the fuel rods
irradiated in the José Cabrera (Zorita, Spain) reactor, property of
Union Eléctrica Madrilena, S.A. This reactor, a PWR type, has a power
of 150 MWe, and was the first power reactor built in Spain.

Several post-irradiation studies were carried out in the metallurgical
hot cells of the JEN (nowadays CIEMAT).

5.1. Irradiated fuel rods description

22 irradiated fuel rods (Fig.3) were used for these post-irradiation
studies. Basically, these rods were composed by a tube and plugs
made of circaloy-4 with UÛ2 pellets with different enrichments in
U-235. Some of them were internally pressurized with helium (500
psia) containing the others not pressurized air (15 psia). A
description of these 22 rods is shown below.

TOP
SPRING SPACER

SLEEVE*
FUEL
PELLET

BOTTOM

- ——————— 1.95? ———————— *•

I." — c ———

PRESSURIZED RODS ONLY

PRESSURIZED RODS
UNPRESSURIZEO RODS

101.073

104.060

1 035

DIMENSION _C
7.773 92.800
4.873 95.700

All dimensions in inches

FIG. 3 - STANDARD ZORITA TEST ROD

123



5.2. Actual management of the irradiated fuel rods

There are six complete rods stored in the same cask in which they
were transferred from the reactor to the metallurgical hot cells.

The sliced rods are encapsulated in two different types of capsules,
made of stainless steel with a closing screwed and an o-ring.

The capsules are stored in six dry wells, located in the loading
zone of the hot cells. The amount of theoretical fissile material
(U-235+Plutonium), stored in each of the dry wells, is lower than
150 g.

Rod
Number

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

Initial
Enrichment
% U-235

4,08
4,08
5,81
5,81
4,53
4,32
2,90
2,40
5,81
5,81
6,60
6,60
4,14
2,41
2,91
4,04
2,00
2,00
3,60
3,60
2,00
2,00

Burnup
degree
MWD/tU

28.400
28.200
38.000
38.300
39.060
39.500
29.900
20.600
55.000
55.200
57.200
57.700
49.600
13.800
31.200
44.300
11.400
11.400
57.200
58.200
20.500
20.500
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5.3. Prospective management of the irradiated fuel rods

The prospective management of these materials has to consider both:

- the complete rods, and
- the sliced rods.

The complete rods, stored in the cask, could be sent to the original
reactor for their storage. As the transport will have to be carried
out in an homologated and authorized cask, there are doubts
concerning if the cask used for the transport in the seventies, from
the Zorita nuclear power plant to the hot cells, could be used again
for the transport backwards.

Under these conditions, it will be necessary to find an homologated
and authorized cask to transport the irradiated fuel rods, either to
the nuclear power plant or to a reprocessing plant abroad.

In relation to the encapsulated sliced rods located in the different
types of capsules and stored in dry wells, their prospective
management will probably be their delivery to a reprocessing plant
abroad, by their previous insertion in leaktight capsules.
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SUMMARY OF THE MEETING

The meeting was attended by representatives from Argentina,
France, Greece, Italy, Republic of Korea, Sweden, United Kingdom, Union
of Soviet Socialist Republics and the Commission of the European
Communities. In addition a paper was supplied by representatives of
Spain who were unable to attend the meeting. Whilst not providing a
totally comprehensive review of the world situation the meeting did
include representatives from countries with established nuclear power
programmes both with and without separate fuel fabrication and
reprocessing facilities, countries with developing power programmes and
also countries who at present only have research reactors. It did,
therefore, enable a valuable view to be obtained of the world scene.
Summaries of the individual national contributions are given below:

ARGENTINA

There are six research reactors in Argentine: RA-1, Argonout type
used for training, RA-2 (a critical facility for studying different core
configurations, RA-O (power 0, for training), RA-3 (for experimentation
and radioisotope production), RA-4 (training reactor) and RA-6 (test
reactor). All these reactors use uranium enriched from 20 to 90%. Spent
fuel element management is limited to RA-1 and RA-3, as for the others no
changes have been carried out over the cores. The first core of RA-I was
reprocessed and the second core was manufactured with U 0 obtainedj o
from reprocessing and once spent, was transferred to a dry storage.
RA-3 is pool type and fuel elements are MTR enriched at 90% with 26 fuel
elements in the core. Up to now 238 fuel elements have been used with
burn-up from 16 to 40% and about 8gU per plate. At present RA-3 is being
remodelled in order to be able to use fuel elements enriched to 20%.
This remodelling implies changing core grille, structural elements and
graphites which give experience of partial decommissioning. Spent fuel
are transferred from core to a decay pool at reactor building. After
decay they are transported to a storage facility for spent fuel
elements. Control rods are treated in the same way. The storage
facility comprises two separate areas, each of six sets of hole lines.
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Total capacity is 198 holes. Each hole has inside a stainless steel
tube, capable of containing up to 2 spent fuel elements or one control
rod. The holes of each set communicate with each other, at the bottom
and the top, by a stainless steel pipeline. Valves at the head of each
set regulate circulation of démineraiized water. The storage facility
contains: a water demineralization system with a closed circuit for
recirculation, a single track bridge crane and a shielded transport for
fuel elements and control rods. All material stored in the storage
facility is submitted to IAEA safeguard regime, fuel elements and control
rods are inspected by IAEA personnel. Inspection of storage facility is
carried out with authorization and control of safeguards personnel by
CNEA.

From 15 years of Storage Facility operation it follows as a
consequence that the proposed objectives have been fulfilled sufficiently
well, since the radioactivity measurements on the water hole lines only

-4 3have shown 5 x 10 Ci/m of Cs-137. This value is according to
those published by IAEA. Also, few elements with more than 10 years at
Storage Facility were studied with neutrons interrogation method and 5 x
-10 3 —8 310 gU/cm sensibility. Fuel elements with less than 10 gU/cm

were considered acceptable and all of the spent fuel elements tested were
below this value. Nevertheless, being the conductivity in recirculated
water into hole lines lower than lys gels of aluminium and ferric
hydroxides coming from the side-plate, and from the iron coating of the
holes plugs respectively, were observed. Aluminium corrosion near hooks
of some spent fuel was also noticed. The aforementioned corrosion areas
probably comes from improper selection of welding procedure or due to
joining screws of the fuel elements or the lack of isolation between the
fuel aluminium structure and the steel internal liners of concrete holes.

Meanwhile, the lead plugs coated with iron are being replaced by
others coated with stainless steel. Programme activities involve mainly
new chemical and physical controls which optimize spent fuel storage and
the study of the corrosion observed with the aim to minimize it and to
ensure safe storage until a decision will be taken.

Experiments will be continued to ensure safe storage in wet
conditions for extended periods of time until a decision will be taken
concerning an adoption of a dry storage before reprocessing.
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a) Strategy of the investigations could be the following:

1) A series of visual and optical observations on the spent fuel
2) Taking into account that conductivity and radioactivity of the

water in the holes line has been periodically monitored
throughout the years and the water is regularly purified by
pumping it through ion exchange columns, it seems
incompatible with the observed corrosion. To evaluate this a
detailed measurement of conductivity in different points on
the water of hole lines, temperature and pH of the water as a
function of depth and lateral positions will be made.

b) In order to complete the observations Non Destructive Tests as
neutron interrogation will be continued.

c) Meanwhile those fuel elements that present some corrosion in
the side plate or near hooks will be isolated and encapsulated
adequately in a stainless steel canister and the behaviour of
cladding material will be evaluated under the conditions of
storage.

FRANCE
CEA CONCLUSIONS

I. General Rules in France

- Immediate reprocessing when reprocessing is in operation (UA1,
FBR, PWR).

- Intermediate storage until final solution:
- reprocessing generally (E14 fuels)
- final storage in repository for limited fuels

If intermediate storage is several years long:
pool storage (Pegase)

- If intermediate storage is longer than
ten years : dry storage (CASCAD)

II. Situation in France

In the near future the complete management system will be
available for:
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U metal-Mg spent fuels
uo

It includes the following facilities:
Hot pretreatment and reconditioning laboratory : STAR

- Intermediate storage
dry : CASCAD
pool : Pegase
COGEMA transport casks fleet
Reprocessing facilities:

at several 10 tons level : to commercial reprocessing plants
- COGEMA Marcoule for U metal-Mg
- COGEMA La Hague for UO

at a few tons : APM Marcoule
- at a few kilos : ATALANTE Marcoule

STAR
recondit ion ing

facility
resin epoxy removal

Term Storage
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CEA RECOMMKMDATIONS FOR THE FUTURE

I. For a safe management of the spent fuels considered in this
session it is necessary to accept only stable devices in:

temporary storages
- repository

From our experience:

Metal Uranium fuels;
Chemically reactive form of fissile material
Necessary exchange of experiences to evaluate the safe
conditions for temporary storage
Necessary evaluation of conditions (encapsulation, containers)
for definitive storage

Evaluations oriented on SAFETY

Oxyde Uranium Fuels:
- Less stringent chemical form of fissile material

Recommendations for economical evaluations of different
temporary storage solutions

- Recommendations for evaluation:
of different systems able to insure
SAFETY for repository in a first time

of economical conditions for systems considered
as safe, in a second time.

II. It is necessary to take into account the management of all active
by-products :
- organic materials (resin matrix)

cladding materials (Mg, AI, Zr)

GREECE

Greece currently operates only one research reactor and has no
nuclear power programme. Thus, the spent fuel elements are the only high
level radioactive waste in the country. This situation might be typical
for at least another 15 countries where nuclear activities are limited to
research reactors.
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The spent fuel management strategy in Greece is based on interim
storage and subsequent reprocessing of spent fuel. Since the fuel used
is of USA origin, the spent fuel elements after an in-pool storage for
periods of 1-10 years are sent to the USA for reprocessing, and thus no
high-level waste remains in the country. The uranium recovered following
reprocessing is subsequently used in the form of a credit for the
purchase of a new batch of fuel elements.

The Greek side wishes to express its concern about the economics
of the back-end of the fuel cycle based on the new low enriched (circa
20%) silicide fuel, and points out that the combination of ageing
research reactors and increased fuel/reprocessing costs might result in
the close-down of research reactors especially in developing
countries.

ITALY

From the beginning of its nuclear energy programme Italy envisaged
reprocessing its spent fuel both that from its power reactors and that
from its research reactors. As regards this last type of fuel, the EUREX
pilot plant was built at Saluggia for the reprocessing of MTR fuel.
Subsequently this plant was modified and equipped with a shearing machine
in order to allow it to reprocess CANDU fuel; by these means and by
appropriately conditioning the PIE fuel (BWR or PWR pins) it was also
possible to reprocess PIE fuel. Moreover, at the Trisaia Centre the
ITREC pilot plant was erected for the reprocessing of UO -ThO fuel
coming from the US prototype reactor of Elk River: 20 elements of this
type have been reprocessed and other 64 are still in the pool at ITREC.
Italy, therefore, was in a position to satisfactorily manage the spent
fuel coming from its research and prototype activities.

Recent decisions by the Italian Government have put a temporary (5
years at least) stop to the present nuclear programme and as a
consequence the EUREX and ITREC plants are being closed down.
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This leaves Italy with the problem of finding a new way of dealing
with the following fuel:

EUREX (Saluggia) : 150 MTR U-A1 f.e - 152 kg U;
ITREC (Trisaia) : 64 Elk River f.e. - 1.69t U02-Th02;
Hot Cells (Casaccia) : PIE fuel (various types) - 120 kg U-Th-Pu;
Triga (Casaccia) : 65 UZrH f.e. - 12 KgU;

Moreover, there is Italian PIE fuel at the Nuclear Centres of Cadarache,
Risö and Studsvik.

Contracts are being entered into with the US Department of Energy
and CEA respectively for the reprocessing of the Triga and the MTR fuel
and of fuel at Cadarache.

The fuel in the Hot Cells at the Casaccia Centre will be put into
5 sealed containers and transferred to an interim dry storage room. The
64 Elk River fuel elements are envisaged to be stored in a dry cask at
the Trisaia Centre: at present these elements are being containerized.

No provisions have as yet been made as to the final destination of
the fuel (Hot Cells and Elk River) to be subjected to intermediate
storage.

SWEDEN

The development of nuclear power in Sweden included the operation
of research reactors and several laboratories which were decommissioned
during the period 1981-1986. The fuel elements from the first Swedish
reactor, the Rl reactor, are now being encapsulated for interim storage
and the low-level and medium-level waste generated during the
decommissioning is conditioned for final disposal. In addition the fuel
from the 65 MW(th) Agesta heat and power reactor, now in mothballs, was
transported to the Studsvik site after the final shutdown in 1974. These
fuel elements are being transferred to the CLAB facility built for the
storage of all spent fuel from Swedish reactors. Fuel elements from the
Rl reactor and fuel test specimens from previous and current fuel testing
and post-irradiation fuel examination will be encapsulated in steel
canisters and also be transferred to CLAB.
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UWTTED KINGDOM

In the UK reprocessing has generally been the preferred management
option for the fuels from materials testing, special and prototype power
reactors. The Al and U metal fuel from the now-closed Dounreay reactor
and the two Harwell MTR reactors has been and will continue to be
reprocessed in the D1204 MTR reprocessing plant at Dounreay. The
recovered enriched uranium is then refabricated at Dounreay into fresh
fuel for use in the Harwell MTRs. At the reactor site aluminium cladding
wastes arise from cutting the tops and tails off the elements before
forwarding the fuel section for reprocessing. These end components are
currently stored effectively dry in cans in a tile hole store at
Harwell. The first cycle raffinate from the MTR reprocessing plant,
which contains the bulk of the fission products from the fuel, is
currently stored in stainless steel tanks. It is to be immobilised in a
new cementation plant after first being neutralised. As a longer term
option direct disposal is being examined for this fuel after longer-term
storage. A variety of dry store types has been evaluated including
concrete casks, drum and draught tube designs.

The fuel from the earlier operation of the Calder and Chapelcross
Magnox reactors has been reprocessed at Sellafield in the B205 Magnox
reprocessing plant. The zirconium clad UO fuel from the lOOMW(e)
prototype SGHWR reactor at Winfrith is currently stored. This fuel will
be reprocessed in the new THORP reprocessing plant at Sellafield when
that becomes available in the early 1990's.

Fuel from the PFR prototype fast reactor (stainless steel clad
(U PuO ) will continue to be reprocessed in the D1206 plant at
Dounreay. The cladding wastes from this plant are likely to be
immobilised by cementation in a separate solids handling cell being
developed for the Dounreay cementation plant.

The fuel from the various zero energy reactors such as ZEBRA and
GLEEP will be recovered in essentially unshielded facilities during
decommissioning and treated in a similar manner to unirradiated fuels.

The fuel remaining in the air-cooled, graphite moderated Windscale
Pile No. I after the 1957 fire will be recovered during the
decommissioning operations. The condition of this Al clad, U metal fuel
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is currently not well characterised. Its treatment by either
reprocessing or direct disposal is being considered but this must await
its more detailed exam mat ton.

The only other remaining prototype reactor fuel is that from the
helium-cooled, graphite moderated high temperature DRAGON reactor. A
variety of fuels was used in this reactor. All were in the form of
kernels coated successively with layers of pyrocarbon, silicon carbide
and more pyrocarbon. Most of the kernels were 80% dense UO -t-C but
others were 70% dense (Zr+U) C (UC +C) and (ThU)C . These fuels
are currently stored in welded steel cans in tile holes in the DRAGON
fuel handling building at Winfrith. Reprocessing has been examined for
these fuels but most recent studies have been focussed on the option of
direct disposal after encapsulation in a cement matrix.

PIE samples arise at the UKAEA's Harwell, Winfrith, Windscale and
Dounreay establishments as well as at the CEGB's Berkeley Laboratories.
The samples at Winfrith, Windscale and Berkeley arise from the
examination of power reactor fuel, particularly from AGR's. These
samples are returned to Sellafield for storage in the highly active silo
followed potentially by reprocessing. At Dounreay fast reactor PIE
samples arise. The samples which are fuel-free are disposed of to the
ßy silo. Those with recoverable fuel are kept in welded stainless
steel drums in the dry, high «ßy store. Finally, at Harwell fuel
free samples are immobilised directly in cement in the high active cells
and then stored in cans in a nominally dry, tile hole store. Any spent
fuel which is recoverable is stored separately.

UNION OF SOVIET SOCIALIST REPUBLICS

There are over 30 research and prototype reactors in operation in
the USSR. Their fuel elements are characterised by the variety of
designs due to the specific use and capacity. The fuels are:

U-A1
uo2
UM
U MO
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After a short period of wet storage (approx. 3 years) the fuels
are treated as follows:

1. (U-A1) and (U-Mo) fuels are transported by special cask to the
reprocessing plant.

2. The other types are prepared and sent to interim (approx 15 20y)
wet storage.

To guarantee their safety in long term storage additional
investigations are needed into the behaviour of structural
materials, pool water chemistry, dry storage conditions etc.

3. After P.I.E. fuel elements etc are prepared as solid waste and
transported in special casks to final disposal.
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SUMMARY OF THE PANEL DISCUSSION

Table 1 summarises the management schemes currently being employed
or proposed by the participant countries for the spent fuel and post
irradiation examination (PIE) samples from research and prototype power
reactors.

Interim wet storage is still the favoured option for most of the
spent fuel, particularly from water-cooled reactors. To date the fuel
cladding has been the primary barrier between the fuel and the storage
pond water. There is now, however, an increasing tendency to use double
containment and particularly to store the fuel dry. Two variants of this
were described. The first of these is the Swedish central storage
facility for spent fuel (CLAB) at Oskarshamn. Here both fuel elements
from the Rl research reactor and PIE samples are kept dry in stainless
steel canisters, which are hermetically sealed by welding before being
placed in the water storage pools. The second variant is the French
CASCAD facility, where again the spent fuel is kept dry in helium filled,
welded stainless steel canisters. These canisters are then stored in
vertical tubes and kept cool by a natural convection-driven upflow of
air. These facilities offer lower secondary waste arisings and have
lower operating costs and operator doses as compared to single
containment systems.

Reprocessing is widely used for the management of the highly
enriched spent fuel from materials testing and certain other research
reactors such as those of the Triga type. In almost all cases the spent
fuel is returned to the supplier of the enriched uranium for reprocessing
and refabrication into fresh fuel. For many countries, including France,
Greece, Italy, Spain and Sweden amongst the participants, the USA is the
supplier of the fissile material and the reprocessing is carried out at
Idaho Falls. The UK has its own MTR fuel reprocessing and fabrication
plants at Dounreay. These plants have serviced all the MTRs in the UK
and in the past some overseas reactors, such as the Australian HIFAR and
the Danish DR-3 reactor. Italy has in the past also reprocessed MTR fuel
in the EUREX plant at Saluggia.
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TABLE 1. SUMMARY OF THE MANAGEMENT ROUTES CURRENTLY BEING ADOPTED OR PROPOSED
FOR THE SPENT FUEL AND PIE SAMPLES FROM RESEARCH AND PROTOTYPE POWER REACTORS

Country

Argentina

France

Greece

Italy

Spain

Sweden

Switzerland

Reactor type

6 Research reactors
RA - 3
RA - 1
(first core)
Research reactors
Prototype
Power reactor
Power reactor
Research reactor
MTR
Triga
Prototype power
Power reactor

Research reactor

Research reactor Rl
Agesta prototype
HPWR reactor
MTR reactor, R2
PIE
Research reactor

Reactor
fuel type
U
U-A1
U-A1

U-A1
UOj
(U,Pu)U02
U02 PIE
U, Mg
U-A1

U-A1
U Zr H
(U, Th)0,
(U,Pu,Th)02
PIE

U-A1, Al
U308
PIE

U
U02
U-A1
U02
U03

Interim storage
wet dry

V
f

V
V
/
V
V
V
V

f
V
V
V

V
V

V
V

V

V"

Reprocessing

f
f
V
f
i

V
V
V
f
f
V

f

Final disposal

No decision
No decision

No decision
f

/
No decision



TABLE 1. (cont.)

Country

United Kingdom

USSR

Reactor type

MTR
Research reactors
Industrial reactor
Dragon reactor

Prototype power
(SGHWR/WAGR)
Prototype FBR
Various types
eg AGR, PWR, FBR

Prototype power
reactors
Research
reactors

Reactor
fuel type
U-A1
U-A1
U
U-A1
U0a, C
(U, Th)C2
(UC2+C)
(Zr-KJ) C
U02
(U, Pu)02
PIE

U02
PIE
U02
UN
U, AI
U, Mo

Interim storage
wet dry
i
S
i
V

V
Na

i
i
/
V
V
f

V

V

Reprocessing

V
Possibly

V
No decision

No decision
V
f

Some /

V
/
V
f

Final disposal

Some /

V
f



There are now international moves towards reduced enrichments
(~20%) for safeguard purposes and higher burn-ups for research reactor
fuels. When coupled with the increasing costs of reprocessing as a
proportion of the total fuel cycle costs and the reduced credits for the

235recovered U , this is also leading to a rising interest in interim
storage followed ultimately by direct disposal. The adoption of suicide
fuels for materials testing reactors is likely to accelerate this trend.
With the low power research reactors, such as those of the Argonaut and
smaller Triga types, the fuel usage is not large and in many cases the
original fuel will remain with the reactor until the latter is finally
shut-down. The spent fuel will then become part of the decommissioning
wastes.

For the prototype power reactors spent fuel management in most
cases follows the practice with commercial power reactors. Thus in
Sweden the spent UO fuel from the Agesta HPWR will first be stored in
the CLAB facility and then ultimately sent to the SFL facility for
permanent storage. In the UK some of the spent UO fuel from the
Windscale advanced gas cooled (WAGE) and the Winfrith steam generating
heavy water (SGHWR) reactors has been reprocessed in a commercial
reprocessing plant at Sellafield. The remainder is being stored at
either the reactor site or in cooling ponds at the reprocessing plant
prior to being reprocessed in the new commercial thermal oxide
reprocessing plant (THORP). Similarly, in France and Italy reprocessing
is preferred for most fuels and use is made of both commercial and
experimental reprocessing plants. With prototype fast reactors, as in
France, UK and USSR, reprocessing is employed and details were given of
the particular case of fuel from the French PHENIX reactor.

With high temperature reactors, where a wide range of fuel types
have been used, interim storage followed by direct disposal is
preferred. An example was given of the fuel from the OECD Dragon
reactor. In this case the characteristics of the fuel make it both
difficult to reprocess and particularly suitable for direct disposal.

Finally details were given of the treatment of spent fuel samples
from post irradiation examination in various countries. Dependent on the
quantities of fuel involved and the availability in each country of
reprocessing facilities, the PIE samples are either being stored dry or
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repackaged before being reprocessed. A particular difficulty was
reported with fuel samples mounted in epoxy resin for metallographic
examination. These samples cannot be introduced into the dissolvers of
reprocessing plants as they form polymers in the nitric acid which
interfere with the solvent extraction processes. Various options for
removing the resin were described including mechanical, pyrolytic,
combustion and selective dissolution. None of these processes is
completely satisfactory and more research is required.

CONCLUSIONS

1. Reprocessing is generally the favoured management option adopted
for MTR fuel. The fuel is most frequently returned to the
original supplier of the fissile material. However, even in this
case the reactor operator is frequently left with irradiated fuel
element debris, fittings, etc to handle as an intermediate level
waste. There is a need to develop processes and matrices for
conditioning these wastes for disposal.

2. There is a general move towards improved interim storage e.g.
double barrier containment, whether this be in ponds or dry
stores. This move is largely a consequence of the use of longer
storage times, due to either the unavailability at present or
uncertainty over the final management routes to be followed i.e.
reprocessing or final disposal. Dry storage is increasing in
popularity for situations where the heat removal requirements are
not high. It can then have significant cost advantages with the
use of natural convection cooling, small secondary waste arisings
and low requirements for gas cleaning. In wet storage there is a
need to control pond water chemistry, particularly the pH,
contamination etc. in order to reduce corrosion rates and east
waste management problems and costs.

3. Doubts exist over the stability of cladding materials,
particularly Al and Magnox, in long-term storage whether wet or
dry. Some problems have been identified with cladding failure in
very high burn-up PWR and FBR fuels during interim storage in
aqueous ponds.
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4. There is a rising interest in the option of long-term interim
storage followed by final disposal for the management of spent MTR
fuel. Increasing reprocessing costs and the switch to lower
enriched suicide fuels are accelerating this interest.

The final disposal of MTR and Magnox fuel without reprocessing
does pose a number of potential problems. Both the metal fuel and
the cladding materials are chemically reactive. Their behaviour
in the repository and interactions with possible matrices are
uncertain. Particularly during the operational phase of any
repository chemical reactions could give rise to gaseous releases,
including H , and lead to the formation of oxidation products.
Stresses could be generated which could disrupt both matrices and
repository structures. The highly enriched nature of the MTR fuel
will also post additional problems due to the potential for
criticality excursions.

5. HTR carbide fuels are a particular problem as no established
reprocessing routes exist for their treatment. Currently, direct
disposal of these fuels is being examined in both UK and West
Germany. The fuel has shown an excellent ability to retain all
fission products except the noble gases and may be an acceptable
medium for final disposal either alone or after incorporation in a
further matrix. There is, however, a need for additional studies
to confirm this view.

6. PIE samples with irradiated fuel pose special problems. For
countries, such as France and UK, which have established
reprocessing routes there is the option of suitably packaging the
fuel for treatment in such plants. In countries without this
option or where the reprocessing costs are excessive given the
small volumes of fuel involved, final disposal is being pursued.
Methods and matrices for safely packaging and containing such bare
fuel need to be developed.

7. Separate problems exist with PIE metallographic samples mounted in
epoxy resins. Difficulties occur if these samples are forwarded
for reprocessing. This is due to the formation of polymers when
the samples are dissolved in boiling HNO„. Mechanical removal
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of the epoxy mountings has proved to be imperfect. Under
irradiation the epoxide hardens and so is less amenable to removal
by solvent dissolution. Pyrolysis processes are, however, being
developed which may overcome these difficulties.

RECOMMENDATIONS

1. There is a lack of available long-term management routes for some
spent fuel and cladding wastes from materials testing, research
and prototype power reactors. There is a requirement for research
and collaboration on an international scale into the long term
behaviour of these materials to define safe, economic conditions
for their wet or dry interim storage and final disposal where
selected.

2. To date the long-term interim storage and final disposal of
uranium metal fuels has received little attention. This fuel
occurs very widely throughout the world in research reactors. It
may occur in increasing quantities as many of these reactors are
approaching the ends of their working lives and will require
decommissioning while others are changing to lower enriched,
suicide fuels. International research and collaboration is
required to both identify the best conditions for the storage of
these fuels and conditioning routes e.g. processes, encapsulants,
containers etc for their safe, economic final disposal.

3. Another class of fuel which has received little attention from the
view point of its long-term management and for which the
reprocessing route is much less easy is high temperature reactor
(HTR) fuel. This fuel occurs in a limited number of countries in
prototype power reactors. Work is needed to confirm the
suitability of this fuel for direct disposal and to identify
appropriate conditioning processes.

4. For PIE samples containing irradiated fuel, which will not be
recovered by reprocessing, and cladding material international
research and collaboration are needed to develop suitable,
economic packaging processes to enable them to be safely stored in
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the long-term and then disposed of. These processes will need to
accommodate the organic resins often used as mounting materials.

5. Finally, as a general point the IAEA should include data on the
back-end of the fuel cycle in its directories covering research
reactors.
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