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ABSTRACT

Despite the present sluwmg down of most of the natio-

nal nuclear programmes due to various conjunctural cau-

ses, nuclear energy is presumably to have in term an

increasing role worldwide for nleetneitv prndurtinn,

both in industrialized countries already equipped WLth

nuclear power stations and in countries which intent

to enter the nuclear energy route in a short or

mid-term perspective.

Nuclear energy development will have notably to take

into account the following requirements :

from a strategic point of view, the major concern is

to optimize the use of world available natural ura-

nium resources. Indeed, even if presently natural

uranium appears abundant and inexpensive, it must

not be forgotten that in a longer time perspective a

growing scarcity of this material will occur unavoi-

dably ;

from the technical and economical standpoints, futu-

re reactors will have to be more reliable,more avai-

lable, and even more safe, with lower kWh generating

costs, than units presently constructed or operated.

The paper presents the approach which is followed by

France to meet these goals.

WHY A LONG TERM NUCLEAR R 4 D ?

In spite of the present slowing down of most of the nu-

clear programmes, due to various conjunctural causes

(in particular the worldwide economical crisis and mo-

re recently the Chernobyl accident), nuclear energy

remains considered as a major contributor for electri-

city generation in a long term perspective.

Forecasts of installed capacities made by national or

international organizations extend currently to the

first quarter of the next century. Although these

forecasts are affected by important uncertainty margins

for aiio and long term perspectives, they provide useful

orders of magnitude for the expected development of nu-

clear enerqy. As a typical example, Table 1 summarizes

recent estimates mnde by OECD :
TABLE 1

OECD

(GWe)

World

countries

(GWe)

1985

207

254

1
| 2000

1
1 429/365

1 646/497

1

1
2025 1

1150/550 |

2100/875 |

These figures indicate in particular that nuclear ener-

gy, so far mostly developed in industrialized countries,

is expected to spread worldwide within the next decades.

The development of nuclesr energy from the beginning,

after World War II, up to now in several industrialized

countries shows that technical problems have been, on the

whole, mastered satisfactorily both for nuclear reactors

and fuel cycle activities. A typical example is given

by France where nearly 70 % of the electricity produced

in 1966 has been generated by nuclear power stations.

However reactors and fuel cycle facilities (notably for

uranium enrichment and fuel fabrication) have been desi-

gned mainly more than 20 years ago, and cannot be repro-

duced without significant modifications in a long term

perspective for several reasons :

from a strateqic standpoint, present LWRs which repre-

sent around 70 % of the world installed nuclear capa-

ntty, burn only 0.5 % of the natural uranium extrac-

ted. A long term nucleur energy development based only

on this current LWR strategy would lead to consume

virtually all the uranium reserves within the next

fifty years according to the OECD estimates :
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106 t of Nat.U

Total estimated reserves (WOCA*)
WDCA cumulated consumption 2025
World cumulated consumption 2025

3.6
5.5/3
7.5/4

In a long term perspective significant efforts have
to be made in order to reduce natural uranium con-
sumption, and to increase fissile material production
either by developing more efficient enrichment means
or by recycling fissile materials recovered from ir-
radiated fuels through reprocessing.

. Safety and environmental impact of nuclear industrial
activities must be permanent concerns for any nation
resorting to nuclear energy, as long as nuclear faci-
lities are operated, with making use of the analysis
of any incident or accident occured (e.g. 1MI, TCHER-
NOBYL) to improve the safety characteristics.

. Operating and maintenance conditions of nuclear units
can have to be reassessed and eventually modified,
following possible new grid requirements (e.g. load
following instead of base load), reactor modification
(e.g. plutonium recycling), or even reactor life ex-
tension.

. Last but not least, economic criteria are a permanent
challenge : recent decrease of fossile fuel prices,
even if they may appear temporary, underline the
necessity of competitiveness for nuclear energy. Such
competitiveness implies unceasing efforts to reduce
the kWh generation cost, by cutting down the invest-
ment, operation and fuel cycle costs, so that nuclear
energy appears a reliable energy resource in a long
term perspective from the economic stand point.

All these aspects, which have to be taken into account
inasmuch nuclear energy is to be considered as a long
term answer to energy needs, call for an appropriate
Research and Development, which includes in fact two
complementary parts :

- upstream of any application, a sustained effort to
improve the basic knowledge in all fields involvod
in nuclear energy, in view of a better understanding
and a better modeling of physical phenomena ;

- in a long term perspective, Applied Research goals
are to put forward new concepts for future reactors,
new components or equipments,_and new processes nota-
bly for fuel cycle activities. It must be underlined
that the choice between various possible solutions
for a given industrial application will be made later
on, according to strategic and economic criteria.

*W0CA : World Outside Centrally Planned Economy Area

In the following sections, the prospects of long term
nuclear R 4 D activities in France are revie^ad for
three main fields : Advanced Thermal Reactors, Fast
Breeders, Fuel Cycle.

R & D PROSPECTS FOR ADVANCED THERMAL REACTORS

The French Nuclear Programme which has been carried out
by EDF since the seventies is mainly characterized on
one hand by the choice of a single reactor type, PWR,
to equip the nuclear power stations, on the other by
the policy of series adopted to implement the successi-
ve steps of the programme. Following this policy, there
are presently 34 900 MWe units in operation, 20 1300
MWe units in operation (9) or in construction (11), and
two 1450 MWe units (N4) in construction. The nuclear
strategy followed up to now has a direct influence on
the future development conditions :

. Within the French context, to develop an entirely new
reactor type would lead to loose all the benefits of
the experience gained so far with the design, cons-
truction and operation of PWR units. Therefore, in
France, as in several other countries concerned about
long term prospects of nuclear energy, Advanced Ther-
mal Reactor studies do not concern a completely new
reactor type but rather a model which is deduced from
the reactors presently built and operated, and which
will include various improvements and innovations
issued from R 4 D studies and operations learnings.

. The overall continuity which prevails between present
PWRs and future so called Advanced Reactors leads to
a certain overlapping between short or mid-term stu-
dies carried out in support to units in operation or
construction, and long term studies related to future
reactors. Indeed several concerns are identical for
present and future models (availability, reliability,
safety, kWh cost reduction) and most of the improve-
ments studied for short or mid term applications can
be later on eventually adapted to the specifications
of future designs.

Basic R & D : a pernanent necessity

Upstream any technological improvement or innovation
there is the permanent necessity to reduce uncertainties
on calculated parameters, which penalize the project
through margins they entail first at the design level,
later on during plant operation.

This necessity is confirmed in a long term perspective
with the new core designs which are envisaged : pluto-
nium fueled cores, undermoderated on spectral shift
reactors, for which both basic data and calculational
models have to be improved and qualified.
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In each major field involved, neutronics, thcrmohydrau-
lics, mechanics, safety, the same steps have to be
implemented : a better understanding of the physical
phenomena which allows more refined modelings : these
modelings are then qualified successively with analy-
tical experiments and global tests before being applied
to power plants.

Neutronics code3 (e. g. APOLLO, CHRONOS) and data (mul-
tigroup cross sections) have to be regularly updated
and improved with the support of experimental program-
mes oriented on specific problems .auch as Plutonium re-
cycling in PWRs, high burn up strategies, or new core
concepts (e. g. ERASME programme in the EOLE critical
facility).

Codes (e. g. FLICA) providing a detailed description of
the thermohydraulic behaviour of the reactor components
must be adapted and qualified for new designs : speci-
fic loops are necessary to provide experimental results
needed by code qualification (e. g. OMEGA, GRAZIELLA).

Mechanics require also a continuous effort in order to
improve the modeling of the behaviour of components
and materials notably under thermal or seismic loads.

Safety studies aim at improving permanently the opera-
ting safety and at defining the operating procedures in
incidental or accidental conditions. Associated refe-
rence codes, such as CATHARE, have consequently to be
improved and tested against experimental results obtai-
ned for that purpose. As an example, one can quote the
recent BETHSY facility which has been realized jointly
by CEA, EOF and FRAMAlOtt in order to study the beha-
viour of the primary circuit as a whole in accidental
conditions.

Such studies can lead to envisage new component designs
for future reactors, such as longer vessels, o;: a more
sophisticated in - and ex - core instrumentation in or-
der to get a better on line knowledge of power and tem-
perature distribution, and thereby a more efficient
core protection.

Fuel improvement : a key point for the future

In a long term perspective, the concern of keeping un-
changed the basic options for the future PWRs leads to
rely largely on improvement of fuel performances to
achieve a better management of natural uranium reser-
ves. It must be also noted that fuel optimization plays
a key role from the economic standpoint with contri-
buting both to fuel cycle co3t and operating cost re-
duction.

R and D studies for fuel optimization are essentially
long term activities due to the time needed (-10 years)
to fully qualify a new material or a new fuel design.

lhese studies require important experimental means :
test reactors for fuel irradiation, hot laboratories
for irradiated fuel examinations, test loops for ther-
mohydruulical and mechanical studies.

With respect to the strategic goal of improving the na-
tural uranium resource management, fuel R and D activi-
ties may be gathered around two main topics :

. optimization of standard UO2 fuel performances;

. development of mixed oxide fuels (MQX).

Among the fuel performances which can be improved, the
maximum burn up is a important one : currently 33,000
MWd/t for PWR fuel, the irradiation rate should reach
45,000 MWd/t in a near future, and present studies aim
at reaching 60,000 MWd/t in a longer term perspective.
It must be noted that such improvements require an ap-
propriate optimization of the core management (e. g. co-
re reloadings by 1/3, 1/4 or 1/5).

Fuel optimization implies R and D studies related to
both fuel rod and fuel subassembly improvements.

As to fuel rod, R and D concerns mainly the cladding ma-
terial. New fuel rods have to be qualified from the me-
chanical and thermohydraulical standpoints with taking
into account more and more stringent requirements resul-
ting from more severe grid conditions such as load fol-
lowing and remote control.

Typical example of technical problems to be solved are
the eventual consequences of pellet-cladding interac-
tions due to large fast power changes or the external
corrosion of the cladding due to a longer in-pile fuel
residence time for high burn-up. Such problems lead to
study ;id test new cladding materials and new surface
treatment' methods.

Fuel subassembly performances are to be progressively
improved from the neutronic standpoint (uranium savings
resulting from a reduced neutron absorption), from the
mechanical and thermohydraulical ones (better heat
transfer), and from the personnel dose exposure point
of view (use of materials with reduced cobalt content
wherever possible). As an example of typical efforts to
be pursued let us recall that after the French fuel
AFA, presently loaded in 900 MWe units and tested for
1,300 MWe ones, FRAGEMA is looking to the next step for
0 demonstration reload in 1992 : corresponding R and D
is just being launched (grid design optimization, vibra-
tion studies, hydraulic charateristics) with the sup-
port of ad-hoc experimental programmes (e. g. HERMES
tests).
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A further step : plutonium fueled reactors

Plutonium use in PWRs is a long term means to save na-
tural uranium resources for countries which have cho-
sen the reprocessing route for the management of irra-
diated fuels.

Ihe first step, presently in progress in several coun-.
tries anong which franee, is the Plutonium recycling in
standard PWRs. In France, EOF is to start Plutonium re-
cycling in its 900 MWe units in 19B7, and COGEMA is de-
signing a MOX fuel fabrication plant with a 100t/year
capacity which should enter into industrial operation
in 1992.

However, Plutonium recycling in standard PWRs under the
present conditions offer only a limited advantage due
tc two restrictions :

. only 30 % of a core can be reloaded with MOX fuel wi-
thout significant control modifications;

. plutonium can bo recycled only once due to its isoto-
pic composition deterioration with irradiation in a
thermal flux.

Therefore in a longer term perspective, studies are
performed in order :

. to reload a larger share of MOX (- 75 %) in standard
units;

. to design new cores allowing several successive plu-
tonium fuel recyclings.

In this context, FRAMAIOME is studying new concepts,
such as spectral shift and under moderated reactors,
which, among other good points, should allow a more ef-
ficient use of fissile materials.

If they prove to present the expected advantages, such
concepts could be integrated in EDF future projects
which are to succeed by the end of this century to the
N4 series presently ordered.

Corresponding R and D, performed at CEA, has started
off with feasibility studies of these new concepts
from the neutronic, thermohydraulic and safety points
of view.This step should be completed by the end of
this year, then R and D will have to be pursued in sup-
port to design studies.

Finally, with respect to standard' PWRs which burn only
0.5 2 of the natural uranium in open cycle :

. improving standard UO2 fuel management or recycling
fissile material in standard PWRs allow to increase
the share of burnt uranium up to 0.6 % - 0.8 %;

. resorting to an advanced concept such as the undermo-
derated reactor would allow to increase this rate up
to 6 % - 10 %.

R & D for economic competitiveness

Reduction of electricity generating costs is a perma-
nent concern of the utility, and corresponding R and D
is a long term activity.

Bejide the fuel cycle cost reduction which can be achie-
ved through the fuel optimizations mentionned hereabove,
R and D efforts have been developed and have to be car-
ried on for investment and operating cost reductions.

In order to reduce investment costs, actions have to be
developed in the following main directions :

. component performances wherever they can be improved.
A typical example of such R and D is the optimization
of the new steam generator for the N4 reactor.
Two important experimental programmes have been laun-
ched, the first one with FRAMA1OME to check on a spe-
cific facility, MEGEVE.the steam generator performan-
ces in steady-state and transient operating conditions
the other one performed on the CLOTAIRE loop within
the framework of an international cooperation, to qua-
lify thermohydraulical and mechanical calculational
models;

. simplification of systems (e. g. suppression of solu-
ble boron);

. development of new materials;

. plant lifetime extension : generally estimated so far
to 20 or 25 years, plant lifetime appears more and mo-
re to be possibly extended up to 40 or even 50 years.
Such a possibility can be assessed only after a detai-
led analysis of aging causes and mechanisms for each
main component. This requires a systematic develop-
ment of precise and reliable non destructive techni-
ques and of preventive maintenance.

For what concerns operating cost reduction, main ef-
forts undertaken up to now and to be carried on are
related to :

- plant availability : R and D studies aim primarily
at minimizing the number of unscheduled plant outa-
ges and at reducing the duration and eventually the
number of scheduled outages.

Minimizing the number of unscheduled outages requi-
res to upgrade component reliability, notably
through better operating conditions, and to perform
systematic monitoring of the primary circuit;
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- plant flexibility : in particular load following

and remote control with new fuels (e. g. MOX) and

higher burn-up.

When several nuclear units are operated within a

single nuclear system for electricity generation,

the overall maneuvrability of the whole system has

to be optimized with taking into account the mana-

gement characteristics of each plant.

As a typical example, CDF has recently engaged a

first programme, "GARANCE" aiming at improving the

maneuvrability of its 900 MWe system, with taking

into account more economical fuel managements;

- plant maintenance : improved procedures and sophis-

ticated techniques (e. g. robotics) have to be de-

veloped in order to reduce the duration of schedu-

led shutdowns and the personnel exposure.

R 4 D in support to snail reactors

Beside the R and D needed in a long term perspective in

support to large plants (- 1,000 MWe) in operation or

in construction, or to future designs, some specific R

and D studies could have to be launched for smaller

units (1600 MWe).

It must be noted however that 600 MWe units could take

advantage of experience gained in design, construction

and operation of 900 MWe units, as those have profited

by progress due to 1,300 MWe unit introduction.

Indeed the market of small and intermediate reactors,

which does not exist to-day, could expand in a mid and

long term perspectives with the demand of newcomers in

nuclear energy.

Several designs have been studied so far, but none has

been realized, and some new options proposed will have

to be qualified with appropriate R and 0 programmes.

R 4 D FOR FAST BREEDER REACTORS

As indicated previously, Advanced Thermal Reactors

might contribute to natural uranium savings since they

use more efficiently the fissile materials invested in

their core than standard PWRs. However, due to the neu-

tronic properties of thermal reactor cores, the gain

expected from such advanced concepts remains limited.

The best way to save uranium in a long term perspecti-

ve is to resort to FBRs, which through their breeding

properties allow to increase the share of uranium ef-

fectively burnt from 0.5 % (LWRs) up to - 70 %.

Nevertheless, in spite of their attractive features and

even if they have been studied as soon as the beginning

of nuclear energy development, FBSS have not so far

reached the industrial maturity of thermal reactors

built within the framework of national nuclear program-

mes,and there is a time shift of approximately 15 years

between thermal and fast reactors.

Such a shift is mainly due to the following reasons :

. the use of plutonium, which corresponds to a strategic

choice, implies to have reprocessing capacities at

one's disposal;

. the implementation of new techniques, some of which

are complex : sodium technology, fabrication of cer-

tain components, plutonium fuel fabrication;

. the general slowdown of nuclear programmes, which en-

tails a reduction of natural uranium consumption, ma-

kes less urgent the commercial deployment of FBRS.

This deployment, which has been expected to take place

during the present decade ten years ago, is now not

estimated necessary before 2000/2010.

Consequently most of R and D studies presently carried

on in support to FBRs development are mainly mid and

long terme activities.

Up to now, technical feasibility of FBRs have been lar-

gely demonstrated, first at the level of demo plants

(250/350 MWe) with fie construction and operation for

nearly fifteen years of units such as PHENIX, PFR, BN

350, and then with the construction and start up of the

industrial size prototype SUPERPHENIX (1,200 MWe) reali-

zed in the framework of an European cooperation.

The major problem which remains to be solved is the eco-

nomic competitiveness of FBRs with respect to PWRs : the

kWh generation cost of SUPERPHENIX is 2.5 times higher

than the one of standard French PWRs due to the specific

features of this FBR power plant : prototype reactor,

single unit on its site, international realization. To

be economically justified in the French context, FBR

electricity generation cost should no exceed the PWR one

by more than 15 % to 20 %.

The extra cost of FBR kWh is mainly due to investment

and fuel cycle costs, which are to-day significantly

higher for FBRs than for LWRs, and the main goal of R

and D will be to propose new solutions for reducing the-

se costs.

In the European context, the economic competitiveness

of FBRs is to be reached step by step whithin the fra-

mework of a cooperation set up between several partners

during the seventies and reinforced in 19B4.
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For the reactor itself the first goal assigned to R and
D activities is to support the next project designed by
N0VA1O«: which, although in the continuity of SUPERPHE-
N1X, includes some major modifications to be qualified,
among which :

. the use of an internal storage for irradiated fuel)

. the simplification of the secondary circuits;

. the use of an embedded, air-cooled roof slab.

These improvements would allow to reduce by -
investment cost of the plant.

the

In a longer term perspective, R and D concerns new
options which have to be optimized and fully quali-
fied, notably:

. axial heterogeneous core, eventually with large pel-
lets, which Drings about an important reduction of
the fuel cycle cost;

. nitride fuel-,

. size redaction of the pool type reactor associated
with fewer main components: six intermediate heat ex-
changers, three primary pumps which results in a
lay-out with three secondary loops for a 1500 MWe
unit)

. simplification of internals and more compact structu-
re of the reactor block;

. fuel handling in cell;

. reactor systems without intermediate loop: this
deals mainly with safety and with the development of
a reliable double-walled steam generator.

Improving FBR safety is a permanent concern which has
to be taken into account as new designs are studied,
and corresponding R and D is carried on in order:

. to justify eventual modifications in the safety
approach with respect to the SUPERPHENIX 1 one;

. to make sure that new technical options are accepta-
ble from the safety standpoint.

In this context safety R and D concerns notably:

. the mixed-oxide fuel behaviour under incidental or
accidental circumstances (in particular to demonstra-
te that the total blockage of a subassembly does not
propagate beyond its six neighbouring subassemblies
and consequently that a local fault is not likely to
lead to a large core fusion);

. residual power removal in incidental conditions^

. sodium-water reactions and sodium fireb.

As to FBR fuel cycle cost reduction the main R and D ef-
forts aim at:

. increasing the fuel burn-up from 100,000 MWd/t up lo
180,000 MWd/t G: more, in order tu reduce the annual
quantities of fuel to fabricate and to reprocess;

• studying and qualifying some key components for
future industrial fabrication and reprocessing plants
which can be envisaged only when a sufficient number
of FBR units will be ordered.

HID AND LONG TERM R & D FOR THE FUEL CYCLE

The present situation of nuclear fuel cycle is characte-
rized by the fact that all the steps have not been deve-
loped according the same path, due to various cons-
traints:

. as to the time schedule, whereas the steps related to
the front end of the fuel cycle had to be developed
consistently with the nuclear programmes in order to
meet the needs of reactors in operation or in cons-
truction, the back end of the fuel cycle, which im-
plies a strategic choice for spent fuel management,
had not to be set up with the same urgency.

. from both the technical and industrial standpoints,
ore extraction, uranium conversion and fuel fabrica-
tion could be more easily developed than uranium en-
richment and fuel reprocessing which require complex
technologies and large investments.

Front end of the fuel cycle

Activities related to the front end of the fuel
present to-day two major aspects :

cycle

. industrial plants offer a temporary over capacity
with respect to present and even short term needs (up
to ~ 1995) as a result of the slowing down of nuclear
programmes;

. having been developed mostly in parallel with the
reactors themselves, process involved in front end ac-
tivities are to-day fully mastered.

In this context R and D activities for the front end of
the fuel cycle aim primarily at reducing fuel cycle cost
and are carried out mainly for future plants.
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For what concerns uranium enrichment, most of the R and

0 programmes are now oriented on processes using laser

isatopic separation or advanced ultracentnfugation.

In France, as in USA, the Atomic Vapour Laser Isotopic

Separation process (AVLIS) has been chosen to replace

in due time the gaseous diffusion one presently used in

the EURQDIF plant.

Beside the cost reduction, the other advantages of such

a process are :

. possibility to easily enrich depleted uranium, or

uranium recovered from reprocessing which includes

more than two isotopes;

. low investment cost, which allows a flexible indus-

trial policy (possibility of modular plants);

. low energy needs, in the range of ultracentrifugation

ones.

An important R and D programme has to be carried out

before reaching the industrial level in order to mas-

ter step by step every technological problem related

to the process : for example, development of power tu-

nable lasers, of devices for uranium evaporation using

electron beams, appropriate management of materials

included in the separator.

In another connection, it is worth recalling that effi-

ciency of the chemical process for uranium enrichment

(CHEMF.X) has now been demonstrated at a semi-industrial

scale. Further development of this process will be en-

visaged in the future only insofar as there will appear

a demand for industrial plants.

As to fuel fabrication, main efforts, which concern the

plants themselves, aim at designing more compact ins-

tallations and at automatizing as far as possible the

fabrication process.

In a mid term perspective, some R and D has to be com-

pleted to optimize the fabrication process for MOX

fuel s MOX powder production, sintering conditions,

grinding process, fuel enrichment determination.

Back end of the fuel cycle

Conversely to the front end activities, the back end

ones have not so far reached their full industrial ma-

turity. Indeed development of back end activities ta-

kes for granted a choice between three possible solu-

tions : early reprocessing (i. e. a few years after

reactor unloading), delayed reprocessing preceded by

interim storage, direct disposal of irradiated fuel

preceded by interim storage.

France, as other counties which have chosen the early

reprocessing route, has based its choice on the follo-

wing criteria :

. possible re-use of recovered fissile materials, either

in LWRs or in a longer term perspective in FBRs;

. waste management policy based upon specific treatment,

conditioning and storage of wastes according to their

characteristics.

In this context, R and D programmes presently in pro-

gress or envisaged in mid and long term perspectives aim

at supporting industrial plant design, construction and

operation, both for reprocessing and waste management,

and at developing new process for future installations.

For what concern fuel reprocessing, one has to recall

that n large reprocessing experience has been gained so

far through pilot or medium size plant operation; but

large industrial plants (e.g. COGEMA facilities at La

Hague: 1600 t/year) are only on the verge to be opera-

ted (- 1990). Main improvements sought for industrial

plants concern:

. efficiency, notably through better reliability and

maintainability of components;

. operator exposure reduction (by remote control, main-

tenance and repair of components);

. reduced discharge to environment;

. use of highly safe technigues for waste containment;

. enhanced safety for installations and for the control

of fissile materials.

R and D efforts, which are carried out in support of in-

dustrial plant design and construction, endeavour to

improve the process itself, to optimize the components

from efficiency, reliability, maintainability and safe-

ty standpoints, and to improve waste processing.

As to the process one major goal is to reduce effluents

and wastes, lo this end the following items are investi-

gated:

. containment and concentration of alpha emitters in

effluents assigned to vitrification;

. use of organic rather than inorganic reagents which

increase salt content of solutions thereby raising

problems in treatment and conditioning;
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maximum recycling of major reagents: water, nitric

acid and IBP;

treatment of gaseous and liquid effluents (notably

Iodine 129 and Krypton 85 retention).

As to component technology, the major components or

syr.ti'.ns comprehensively studied are: the shear

machine, the dissolver, the centrifuges, pulsed

columns,remote handling and maintenance devices, analy-

sis and instrumentation. One has to note that due to

the various aspects to take into account to validate

major reprocessing components in their normal opera-

ting conditions (mechanical behaviour, hydraulic and

chemical characteristics, nuclear reactions, maintaina-

bility) the final tests are often performed at full

scale in specific test facilities built for this pur-

pose.

As to wastes, assuming the reprocessing route has been

chosen, the major problem to be solved is related to

reprocessing waste management. These wastes include

long-lived alpha emitters (plutonium and actinides)

and fission products for which considerable R and D is

being carried out to determine the proper type of con-

tainment. Ihere is at present a growing favour for

incorporating these wastes in a solid matrix (borosi-

licate glass) featuring high chemical inertia and desi-

gned for storage in surface structures or underground

in stable geological sites.

Long term studies concern also the environmental pro-

blems related to waste disposal: notably behaviour of

long lifa radionuclides, eging mechanisms of conditio-

ning materials, composition of barriers to be placed

between wastes and the disposal geological medium.

CONCLUDING REMARKS

Nuclear energy can offer a long terri' answer to energy

needs provided that the constraint of limited natural

uranium resources is taken into account from now on,

that safety remains a permanent concern, and that

nucloar kWh qeneration cost is maintained competitive

with other electricity generation costs.

To achieve these goals, long term R and D is necessary

for any country which have decided to resort signifi-

cantly to nuclear energy , and which wants to reach

its technological and industrial independence.

Indeed such R and D allows:

. to master and to improve techniques related to reac-

tors or fuel cycle plants presently in design, cons-

truction or operation, and to support operating ins-

tallations during their lifetime}

. to study new reactor concepts, more attractive from

the uranium consumption and operating performance

standpoints;

. to prepare long term solutions, such as FBRs;

. to improve the safety of existing and future plants.

It must be underlined that in several cases (typically

safety, FBRs, ) international cooperation provides both

an improvement of the R t,nd D efficiency and a mitiga-

tion of the associated financial burden.
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