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Abstract

The spent fuel arisings and storage capacities, the interface between fuel storage and transportation activities, the spent fuel
storage technology, the reprocessing and recycling industrial activities in France are described in the paper.

1. INTRODUCTION

The strategic choice for a closed nuclear fuel cycle has been the French decision since the very
beginning of the French nuclear programme. This choice was based on a strong will for independent energy
supply, availability of uranium resources and a reprocessing/recycling strategy for spent fuel. EDF, the
French utility, is now implementing this strategy and plutonium, separated by reprocessing, is recycled,
through MOX fuel.

Fig. 1. describes the nuclear fuel cycle as operated in France. It includes the recycling of both
Plutonium and Reprocessed Uranium. It has already been industrially demonstrated that MOX and
Reprocessing Uranium Spent Fuels can be reprocessed in the existing facilities.
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FIG. 1. The present French nuclear fuel cycle

2. STORAGE CAPACITIES AND SPENT FUEL MANAGEMENT

2.1. Storage capacities

Storage capacities are needed at each reactor site in order to secure a cooling period for discharged fuel,
awaiting transportation. For safety and operational reasons, the total capacity is not entirely available:

It is required by the Safety Authorities to ensure, in case of an emergency, the discharge of a whole
core. The so-called "rated capacity" represents accordingly the total capacity reduced by a core
equivalent.
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On the other hand, fresh fuel reloads are stored, before loading in the core, in the reactor pools The
actually available capacity-the "critical capacity"-is then the rated capacity diminished by a reload
equivalent

Storage capacities are needed as well at reprocessing plants, either for an additional cooling period or
in order to wait for reprocessing to be scheduled (for instance when reprocessing is performed with Pu
recycling capacities, i e MOX plants and recycling reactors)

Fig 2 shows the location of spent fuel storage capacities in France and Table I gives the amount of
spent fuel storage capacities at reactor sites
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FIG. 2. Location of French storage capacities

TABLE I SPENT FUEL STORAGE CAPACITIES AT REACTOR SITES (m tonnes U)

Type of reactors

Total capacity

Rated capacity

Critical capacity

Load factor as of 1 1 1995

CPO
6 x 900 MWe

890

450

330

90%

CP1 - CP2
28 x 900 MWC

4980

2930

2410

68%

P4
8xl300MWe

1990

1150

870

66%

P'4
12x1 300 MWC

3430

2170

1760

43%

N B - Load factor is the ratio stored fuel assemblies' tonnage / critical capacity

At COGEMA's La Hague reprocessing plant, spent fuel storage is achieved under water in pools.
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2.2. Spent fuel management

Taking into account the nuclear fuel cycle decided for the coming years, and described above in
Fig. 1., EOF has presently established a management practice to reprocess at first its UO2 spent fuels
(after a storage period) and to store its MOX and RepU spent fuels for a period of time not yet defined.

Table II gives an estimation of the spent fuel to be stored in year 2010 which amount to around
6000 tU.

Table ÏÏ. SPENT FUEL ARISINGS BY YEAR 2010 (in tonnes U)

Discharged fuel per annum:
Spent fuel to be reprocessed per annum:
Spent fuel in storage:
per annum
1995-2010

1250 to 1300
850 to 950

3 50 to 400
5250 to 6000

2.3. Storage capacities

The storage of 6000 tU of EDF spent fuel in COGEMA's La Hague reprocessing plant together with
foreign customers' fuel is quite compatible with storage capacities available at La Hague. Nevertheless, EDF
and COGEMA have already started studying medium and long-term possibilities to increase the spent fuel
storage capacities.

2.3.7. At-reactor storage capacities

Several reasons, technical, operational and economical, push to increase spent fuel at-reactor storage
capacities:

The at-reactor cooling time is likely to grow in the future with high bum-up and MOX spent fuels,
Flexibility is needed as regards transportation: the colder the spent fuel, is the higher the payload of
a cask, which minimizes transportation costs,
Re-racking appears to be the cheapest way of creating new capacities.

EDF has performed a feasibility study for re-racking the CP1-CP2 reactor pools. Table El shows the
expected gains, which are very high, nearly 7000 tU. The implementation of such a re-racking option would
take five years and would, of course, require to follow the usual licensing procedure.

Regarding the re-racking of P4 and P'4 reactor pools, EDF has initiated feasibility studies which are
not completed yet.

TABLE EL EXPECTED ADDITIONAL STORAGE CAPACITIES TO BE OBTAINED THROUGH RE-
RACKING THE 28 CP1-CP2 900 MWC REACTOR POOLS (IN TONNES U)

Total capacity
Rated capacity
Critical capacity

Before re-racking
5000
2900
2300

After re-racking
11700
9700
9000

Gains
6700
6700
6700

%
134
231
291
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2.3.2. Away-from-reactor storage capacities

COGEMA's La Hague spent fuel storage capacities can also be increased significantly. Modifications
of NPH pool, which are underway, will allow to store an additional 1500 tU of spent fuel. General re-racking
can be implemented as well, increasing the storage capacities by at least 3000 tU, and other solutions are
studied in order to gain even more storage capacity.

In addition, EDF has recently completed a preliminary study of an underwater storage facility,
dedicated for the long-term storage of MOX, reprocessed/re-enriched uranium oxide and high bum-up UO2
spent fuels.

Such a facility, designed so as to have an extended lifetime (50 years), features a modular design,
enhanced input/output systems, etc.

This independent storage facility would allow the storage of spent fuel, the reprocessing of which is
postponed awaiting decision.

2.3.3. Balance by year 2010 and comments

Table IV shows the balance as expected by year 2010. France has no problem in implementing
additional spent fuel storage if required.

Furthermore, EDF has also the possibility to increase its average annual quantity of spent fuel to be
reprocessed, thus decreasing the spent fuel to be stored.

TABLE IV. EXPECTED BALANCE BETWEEN SPENT FUEL AND STORAGE CAPACITIES BY YEAR
2010 (TN TONNES U)

Capacities at reactor sites
Capacities at La Hague
reprocessing plant
Total

EDF Spent fuel
stored as per 1-
1-95

3300
6000

9300

Storage capacities
asper 1-1-95

5400
14400

19800

Spent fuel to be Expected storage
stored as per 1- capacities as per 1-
1-2010 11-2010

95 quantities
plus 6000

15300

12100
15 900 to 18 900

28 000 to 3 1000

Foreign present and potential customers of COGEMA's La Hague reprocessing plant should still
benefit of at least the same spent fuel storage capacities as of today.

2.4. Prospects

The scenario described above is subject to annual review and adjustment. It means that there are a lot
of flexibilities available and parameters to follow in order to optimize the management of the nuclear fuel
cycle options.

3. INTERFACE BETWEEN FUEL STORAGE AND TRANSPORTATION ACTIVITIES

3.1. Transportation needs

EDF is requiring transportation of its spent fuels from reactor sites to the COGEMA's La Hague
reprocessing plant.
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These transports require:

transport casks,
spent fuels suitable for transportation and receipt by the reprocessing plant.

These transports must and do fulfill all the French regulatory specifications which are following the
IAEA Recommendations.

3.2. COGEMA's experience in transporting EDF spent fuels

Since the beginning, COGEMA is supplying EDF with transportation services. Table V shows how
many transports COGEMA has performed as per 1-1-95.

TABLE V. COGEMA'S EXPERIENCE IN TRANSPORTING EDF SPENT FUEL

Number of shipments
Tonnes of U

As per 1-1-95
1405
8098

of which in 1994
183
1087

All the spent fuel transportations have been performed in totally safe conditions. The transport casks
used for these shipments were developed by TRANSNUCLEAIRE. The currently used TN-12 cask is loaded
with 12 spent PWR assemblies representing 6 tonnes of fuel, and accepts a maximum thermal power of
93-kW.

Shipments are currently performed by road and railways.

3.3. Prospects

As a result of the continued technical and economical optimization of the fuel cycle, EDF spent fuel
characteristics are evolving (increased MOX fuel use, higher burn-ups, etc.) and can induce new constraints
on transportation and handling activities, both at reactor sites and at COGEMA's La Hague reprocessing
plant:

Residual thermal power per fuel element and per cask,
Gamma and neutron radiation,
Criticality.

Also, new trends in occupational and public exposure regulations are to be complied with.

Technical and operational solutions are continuously studied and implemented:

Cooling time to be increased before transportation,
Upgrading the present shipping casks. For instance:

- TN-12 PWR 900 spent fuel casks have been upgraded by addition of neutron absorbing
materials, allowing the transportation of high bum-up fuel,
- LK 100 PWR 900 spent fuel casks are being upgraded by changing the thermal evacuation
system, by addition of neutron absorbing materials and by modifying the leak tightness
devices,

New container design (TRANSNUCLEAIRE): shielding, neutron absorbing materials, baskets, etc.,
Operational procedures: loading and unloading in "dry" conditions, automated operation.

Transportation services, as well as COGEMA's La Hague reprocessing plant receipt facilities, are
flexible and can be adapted to the foreseen evolution.
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4. FRENCH SPENT FUEL STORAGE TECHNOLOGIES

4.1. Storage in pools

This technology was developed at the same time as the implementation of the nuclear reactors and as
early as 1973 on La Hague Site.

Storage under water is well mastered and requires:

a good water chemistry in order to prevent corrosion, algae's formation and water turbidity,
a controlled temperature which ensures a limited activity release,
a water treatment know-how.

The use of neutron absorbing materials for the fabrication of baskets enables high density storage: EDF
has just started the use of cadminox material in 1995 at the Chooz Bl reactor.

A special device (the PYTHON system) has been developed in order to measure the spent fuel bum-
ups: this allows to store with enhanced density spent fuels of high initial enrichment in U235 (up to 3.75 %).

4.2. Other storage technologies.

4.2.1. Dry storage in casks by TRANSNUCLEAIRE

The TRANSNUCLEAIRE casks families such as TN-24, TN-40 and TN-45 combine the two functions
of transport as well as storage, qualifying them as "dual-purpose" casks.

The design of TN-24 relies upon the use of a highly resistant forged steel body, with a thickness
exceeding 250 mm. This massive steel wall provides the main gamma shielding, easily adapted to meet
specific fuel characteristics.

From an economic point of view, a cask storage system offers the best financial modularity:
investments are adjusted to the annual storage needs.

4.2.2. Dry storage in advanced CASCAD system by SON

SGNhas acquired a great experience in fuel handling and storage, with the design, construction and
start-up of many nuclear installations both in France and abroad.

The CASCAD (CASemate CADarache vault type storage) facility has been operated at Cadarache
since May 1990 and lies at the basis of the advanced CASCAD system developed by SGN.

The main features of such a spent fuel interim storage unit are as follows: the fuels are stored in a vault,
which is a concrete structure with metallic wells where the fuel elements are emplaced. This structure protects
both the personnel and the public against the radiation emitted by the fuel, but also the fuel against external
phenomena, such as earthquakes, explosions, etc.

Fuel containment is guaranteed by a double barrier: the canister and the well.

5. SPENT FUEL REPROCESSING AND RECYCLING

5.1. The key issue of the French spent fuel management strategy

In the French spent fuel management strategy, the key issue is the reprocessing of the spent fuel
followed by the recycling of the recovered fissile materials. This back-end option has been confirmed
periodically allowing the industry to gradually improve the system, taking into account the experience
feedback in order to achieve better results.
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EDF is favouring this policy because it relies upon

A technical and industrial maturity
excellent process performances
The recycling of Pu through use of MOX fuel in reactors is now coming up to a large
industrial stage

An economical consistency
A recent OECD/NEA study has shown that reprocessing/recycling economics is
comparable to the direct disposal option It is noteworthy that in this study, direct disposal
costs are only paper estimates while reprocessing/recycling assessment is relying on proven,
as-built figures Moreover, future trends are largely favouring closed fuel cycle with MOX
fuel

Environmental benefits
Recycling is a masterpiece of the ALARA principle's implementation, by reducing the
volume and the toxicity of the final residues to be disposed of Savings of natural resources
through reduced need for natural U and associated cuts m null tailings are other
environment-friendly achievements

5.2. Reprocessing

In order to separate recyclable plutonium and uranium, French spent fuel undergoes reprocessing in
the reprocessing plants operated by COGEMA at LaHague Another 7000 tonnes of spent fuel coming from
foreign European and Japanese utilities will be also reprocessed m La Hague reprocessing facilities

The UP2 400 plant, the first oxide fuels reprocessing facility, was started in 1966 and has reprocessed
various types of oxide fuels To meet France's and foreign nuclear power programme requirements, the
annual design capacity of UP2 400 was increased from 400 to 800 tonnes (UP2-800), and a new facility
added (UP3)

Start of UP2-800 shearing/dissolution and the extraction unit took place in mid 1994, and a full
production of 850 tU is expected to be reached in 1995 Since the start-up of UP2-800, until 1 Augustl995,
near 700 tU were reprocessed in this new facility

UP3 was started in 1990 and it reaches its nominal capacity nowadays As per the end of 1995, UP3
will have reprocessed more than 3000 tU

A near 30-year experience at La Hague demonstrates the industrial maturity of commercial
reprocessing

The total reprocessing capacity at La Hague of 1600 tons per year is being reached m 1995 This
unique industrial complex is able to serve near 100 PWRs, offering high quality recyclable energetic products
and conditioned residues

5.2.1. Operational and process performances

Plant reliability and availability are well demonstrated by reprocessed quantity figures, by rmd-1995
(see Fig 3 )

UP2 has reprocessed close to 5100 tU, of which more than 2900 tU is for foreign customers,
UP3 has reprocessed close to 2800 tU, exclusively for foreign countries,
As a whole, total reprocessed fuel at La Hague facilities amounts to near 8000 tU

In addition, process performances demonstrate to be sometimes higher than initially expected from the
design

First of all, high yields of recovery are observed 99 88% of the initial uranium and plutonium in the
spent fuel are recovered as final products, uranyl nitrate and plutonium dioxide powder respectively,
to be recycled in nuclear fuel manufacturing U and Pu separation efficiency is shown in Table VI
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The second consequence is the very high values of decontamination factors.
The third consequence of high separation efficiency concerns liquid waste of medium and low level
activity: actual volumes and activities are well below design values.

1700
1500
1300
1100
900
700
500
300
100

T tU Total quantity as of August 1, 1995
1995 annual program:

UP3 : 8001 + UP2 : 8501
TOTAL : 1 6501

76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95
FBR
FUEL MOX UP3 UP2

Fig. 3. Annually reprocessed UP2/UP3 oxide fuels

TABLE VI. U, PU SEPARATION EFFICIENCY

U, Pu recovered
Glass and other waste
Total

U
99.98 %

0.12 %
100%

Pu
99.98 %
0.12%
100%

5.2.2. Occupational exposure

While current regulations require the operating personnel exposure to be limited to 50 mSv/year, both
UP3 and UP2 facilities have been designed so that the number of plant workers receiving a 5 mSv/year dose
is zero or near zero.

Actual exposure values have been continuously decreasing in the past years and reached 1.28 Man-
Sv/year in 1994, for the global exposure, while average exposure for personnel is now reduced to 0.26
mSv/man-year, more than 10 times less than natural radiation exposure. Fig. 4.shows what has been the
occupational exposure for the past years.

5.2.3. Waste management

Through reprocessing, the French strategy opens flexible opportunities for nuclear waste
management and disposal with four main positive types of action:

sorting of the waste included in the spent fuel according to their specific characteristics,
treating the waste in order to extract as much as possible plutonium and uranium, and have a reduced
radiotoxicity source for underground final disposal,
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concentrating the waste through various treatments such as evaporation, incineration and compaction
in order to reduce the waste volume,
producing residues conditioned in a suitable way for disposing of them in geological repositories.

AVERAGE FOR
CQGEMA LA HAGUE PERSONNEL
CEA/CQGEMA

——— SUBCONTRACTORS

"—NATURAL RADIATION EXPOSURE
m$V/man/year______Annual lim« of intake

L

«s •>sy — f1 [
jS

"Ni

/

f

***

\

X

X «.

fc . . .

ks,
^

ttta.
'

Î

|

i

1

l

„4. . .

S

f
N,

j

20

*« ?? ?S 73 »C 81

FIG. 4. Occupational exposure

At the commissioning of La Hague plant, 4 types of wastes were anticipated to be produced:

glass, containing fission products with 99.5 % of the a activity and 97.6% of the ß/Y activity of the
total waste,
concrete containers with hulls and end-fittings,
bitumen drums for sludges,
grout concrete containers with technological waste.

The excellent process performances achieved at UP3 made it possible to launch an ambitious waste
minimization programme for UP3 and UP2-800, mainly based on an improved effluent management and
on the use of additional evaporation capacities.

Starting from 1995, it is possible to route practically all the activity towards the vitrification units
instead of the low and medium level effluent treatment facility. The resulting small increment of activity
incorporated in the glass is not inducing any volume increase.

The replacement of the cementation of hulls and end fittings by a more efficient compaction
technique, the overall volume of high level and long-lived waste resulting from reprocessing will decrease
below 0.5 mVt, which is 6 times less than design values, on one hand, and 3 times less than foreseeable
direct disposal corresponding waste, on the other hand (see Fig. 5.).
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FIG. 5. Volume of final residues generated by UP3

5.3. MOX fuel fabrication

In France, plutonium recycling through MOX fuel is currently relying upon three fabrication plants:
the BELGONUCLEAIRE PO plant at Dessel (Belgium), the COGEMA Cadarache plant and the large size
MELOX facility at Marcoule, which is gradually increasing production, allowing to face EOF and other
utilities' growing needs Main features of these three plants are described below

BELGONUCLEAIRE PO Plant at Dessel (Belgium) started in 1973 and took benefit from
development activities of a laboratory in operation since 1960 and a MOX pilot plant that went into
production in 1968. Several steps of process improvements resulted in the well-mastered MIMAS
process Nominal capacity is of 35 tons HM/yr which has been reached continuously since 1989

COGEMA Cadarache Plant has been processing plutonium fuel for more than 30 years, mainly for
fast breeder reactors. Peak production rate was reached for Superphénix with a 120 kg oxide/day
throughput. Since 1989, a progressively increasing MOX fuel production of 15 tHM in 1993,20
tHM in 1994 and 30 tHM in 1995 has been achieved. Cadarache plant is now able to produce MOX
fuels for fast neutron reactors as well as for PWRs and BWRs.
MELOX Plant, located on the site of Marcoule, is coming under industrial operation. This large scale
manufacturing plant (design capacity is of 1201 HM/year) meets severe constraints such as use of
plutonium coming from high burn-up fuel, high plutonium contents, plutonium isotopic
homogemzation and minimal radiation levels for operating personnel. Active industrial production
has started and a 25 tHM production will be achieved in 1995. Full production is expected by 1997.
Furthermore, the capacity will be extended up to 1601 HM/year in the near future in order to increase
its flexibility and produce MOX fuels for PWRs as well as for BWRs.

The significant quantities already produced by existing facilities and the important capacity coming
now under operation, as shown in Table Vu, give evidence that the MOX fuel fabrication has reached its
industrial phase. EDF and other utilities will be provided with important plutonium recycling possibilities
on a well-mastered technological and economical basis.
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TABLE Vn OBJECTIVES OF MOX FUEL ASSEMBLY FABRICATION (tHM (U+Pu) per year)

Operating

Projected

Country
Belgium
France
Great Britain
France
Great Britain
New site

Company
BN
COGEMA
BNFL
Melox
BNFL
COGEMA

Location
Dessel Po
Cadarache
Sellafield
Marcoule
Sellafield
Belgium or
France

1994
35
20
0

1995
35
30
8

25

1997
>35

30
8

100

2000
>35

30
8

160
120
40

5.4. Recycling in PWKs

French experience in MOX fuel utilisation started in 1974, at the Chooz PWR reactor It is now
rapidly growing Among the 16 licensed 900 MW PWR reactors, and starting with Saint-Laurent B l Unit
in 1987,7 reactors (see Figure 6) have been loaded with MOX assemblies at the moment As of the end of
1995, m-reactor recycling will totalize 31 reloads and 496 assemblies containing 228 tHM From the
beginning, 12 tons of plutonium have been recycled

GRAVELINES 3 et 4

FIG. 6. MOX fuel loaded reactors (PWRs)

25



According to the granted license, MOX content in the core is currently limited to 30%, reloading is
performed on a 3 cycle basis, the average concentration of plutonium is limited to a level of 5.3%. A
histogram of actual in-core burn-ups shows an average value near to 38 GWd/t.

To-date, a "hybrid management" is underway since 1994, which implies 4 cycles for UO2 fuel and
3 cycles for MOX fuel in the same core. This allows to reach, for UO2 fuel in MOX reactors, same burn-ups
as in full UO2 reactors undergoing a 4-cycle management (see Table VIE).

TABLE VÏÏL OPERATION WITH MOX AND FUEL MANAGEMENT

-1994
1994-

"Hybrid Management"
Current Experiment

1997-

UO2

3 cycles

4 cycles

4 cycles

MOX
3 cycles

3 cycles
4 cycles

4 cycles

Reload
16 MOX/52

16 MOX/44
4 MOX

assemblies
12 MOX/40

MOXMWd/t
37500

37500
45000

z 45 000

Near term EDF's strategy implies two aspects:

Increasing the number ofMOX-loaded 900 MW units: 20 to 28 reactors could receive MOX fuel.
Besides the 16 already licensed reactors, additional 12 reactors are technically capable of receiving
MOX fuel but should undergo public inquiries, and EDF has already filed licensing procedures for
six of them. Enhanced Pu recycling through raised MOX recycling rates in the PWR 900 MW plants
is under study, as well. The projected programme implies annual supplies of MOX fuel, for the
coming decade, growing from 52 tHM in 1995 to 140 tHM in 2000 and afterwards.
Improving industrial MOXfoel performance: according to EDF's goal of getting same services from
MOX fuel as from uranium fuel, implementation of load following is desirable. The involved
operating modes (frequency adjustment and power level modulation) have been demonstrated in
Saint-Laurent reactors for testing, and EDF has been recently granted a generic licensing from French
Authorities.

Another important improvement, in regard with the same goal, is a raised burn-up that should be
implemented through a 4-cycle core management policy after 1997. MOX bum-up will then be about 45
Gwd/t: by the end of 1992, four MOX assemblies have been reloaded for a fourth cycle in order to extend
the database of MOX fuel behaviour and to prove that such burn-ups are actually achievable without any
problem.

The acquired operating experience gives evidence that no special difficulty is encountered in using
MOX fuel in French reactors. Test campaigns have been carried out at various levels of power, differences
between measured and calculated parameters are similar to those of uranium cores and all design and safety
criteria are confirmed. As a result, EDF is quite optimistic as for the complete implementation of the
scheduled programme.

Reprocessed uranium will be recycled as well. Large-scale fuel cycle facilities are needed. Some of
them are already completed (conversion into oxides and fabrication), others have to be implemented
(conversion into UF6 and reenrichment) and are currently under study.

In the meantime, the feasibility of this recycling has been demonstrated, using existing fuel cycle
demonstration plants for manufacturing, through in-reactor testing: 8 reprocessed uranium assemblies have
been loaded at Cruas-4 Unit as early as 1987 (one of them reached a 4 cycles - 42 GWd/t burn-up). Today,
24 RepU assemblies are currently under a 4 cycle irradiation in the same unit.
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5.5. Long-term trends

French nuclear industry is firmly committed to the recycling policy, and proves its capability of
mastering the entire closed fuel cycle. However, along with continuing efforts to waste minimization in
reprocessing plants, and studies aimed at a still improved knowledge of MOX fuel behaviour in reactors,
additional steps are under consideration and are supported by research and development activities.

5.5.1. Waste management research

According to one of the objectives coming out of the Waste Act of December 1991, CE A, the French
Atomic Agency, launched a major long-term R&D programme, called the SPIN programme, on separation
and incineration of long-lived elements (actinides). SPIN is divided into two sub-programmes: Puretex and
Actinex.

The Puretex programme, to be conducted during a 1991-2000 time frame, focuses on volume and
activity reduction of ILW-type waste from reprocessing, i.e., waste with long-lived elements content and
low heat load, and also on the reduction of activity releases to the sea. Other R&D efforts are still underway,
such as reduction or elimination of sodium in the Purex process and enhanced treatment of laboratory
effluents.

The long-term Actinex programme focuses on separation and transmutation of long-lived elements
in order to further reduce waste toxicity, initially by a factor 10 (within 20 years) and ultimately by a factor
100 (within 40 years) compared to direct disposal of spent fuel. While separation research investigates
process routes and types of extradants, transmutation research is looking at data validation for incineration
tests (cross-sections, assays, decay calculations, etc.) and parametric studies assessing the feasibility of
actinide incineration (reactor type, fuel type, etc.).

5.5.2. Improvement of basic knowledge ofMOXfiiel

In order to acquire similar knowledge as for UO2 fuel, and to validate increased burn-up plans,
several actions are underway. Among these should be listed:

fresh product characterization;
post-irradiation examination including characterisation in regard with fabrication parameters;
neutron physics critical experiments;
analytical programme in experimental reactors;
theoretical studies of different management schemes.

As a result, validation should be achieved for behaviour modeling regarding thermo-mechanics,
irradiation, fission products release and solubility.

5.5.3. Future trends in recycling

MOX assemblies have been designed to be reprocessed in La Hague and the guarantee of their
reprocessing was one of the points to be demonstrated to the French Safety Authorities. This leads to the
monitoring of fresh pellets' solubility during fabrication. A 4.7 tons campaign of reprocessing MOX fuel
was conducted at UP2 plant in November 1992 and gave quite satisfactory results.

Thus, the way is open for obtaining maximum energy from recycled plutonium, with several
pathways according to reactor types and design.

Long-term strategy is relying on the following remarks:

I/ Current recycling status applies to the first cycle of reusing fissile products. It should be noticed that
the length in time of one cycle is rather important: 10 to 15 years. As several cycles can be performed
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without major difficulty, using the existing industrial tools, the need for other solutions arises only
in the midth of the next century.

21 For the French case, a balance will be strictly observed between recycling capabilities and
reprocessing activities. For foreign customers, this balance will be reached in the first decade of the
next century. Thus, as a general rule, management of separated Pu stockpile will be achieved.

3/ Meanwhile, complete management of Pu necessitates Pu consuming capacities and requires
development of either 100% MOX PWR or Pu burner FR

4/ Due to the fast neutron spectrum, fast reactors are capable of burning minor actinides along with Pu
isotopes. R&D in this field is aimed at exploring such possibilities as:

-responding to future trends in energy demand, whatever they are,
-using of enhanced Pu consumption, if necessary,
-while reducing long-term toxicity by burning minor actinides.

6. CONCLUSION

The nuclear strategy has provided France with a safe, competitive and environment-friendly energy
system. Nuclear spent fuel management has been consistently developed in accordance with the growth in
capacity and the continuous optimisation of the nuclear industry:

Several solutions are available allowing to easily balance, in the coming years, spent fuel arisings and
storage capacities.
Transportation activities are safely mastered and will adapt, as much as necessary, to the foreseen
evolutions.
Different interim storage technologies are already developed and proven on an industrial scale.
Reprocessing, with recycling of plutonium and uranium, is in France, as well as in the major
countries committed to a determined nuclear programme, the masterpiece of the spent fuel
management. Present status relies on an improved, full-scale reprocessing industry, as well as on a
proven mixed-oxide technology which is rapidly increasing its capacity.

Besides the acquired industrial maturity, future improvements are being prepared steadily. Consistent
industrial partnership and relevant R&D programmes will lead to still improved performance regarding
resource management, environment aspects as well as economic results.

28




