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SUMMARY

Fast Breeder Reactors (FBRs) can produce more fissile nuclei than

they consume whilst, at the same time, generating energy using fast

neutrons. By conversion of uranium isotope 238 into a fissionable

fuel, FBRs provide over 60 times more energy than can be extracted

from the uranium reserves by thermal reactors. Their development is

therefore an essential objective in the next century, particularly

for those industrialised countries that have little or no energy

resources of their own.

The European countries which have been engaged in the development of

FBRs for more than 25 years have decided to collaborate in an

advanced design, the European Fast Reactor (EFR) which uses the best

of previous national projects and draws on extensive operating

experience from FBR plants in Europe.

The naturally safe characteristics and technological features of

sodium-cooled Fast Reactors will be fully utilised in an EFR design

which meets the same safety level as the Light Water Reactors

(LWRs).

Owing to technical progress and series construction effect, the EFR

is expected to achieve competitiveness with contemporary LWRs with

the higher capital cost of the Fast Reactor offset by its markedly

lower fuel cycle cost.
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INTRODUCTION

Fast Breeder Reactors (FBRs) can produce more f issile nuclei than

they consume whilst, at the same time, generating energy using fast

neutrons. They do this using depleted uranium which is available in

large quantities as a residue f rom the uranium enrichment operations

of thermal reactors. By conversion of uranium isotope 238 into a

fissionable fuel, FBRs provide over 60 times more energy than can be

extracted by thermal reactors. This potential to enhance the usable

energy content of the uranium reserves has been firmly established

over the last thirty years. Thus, the full potential of nuclear

energy as a complement to, or substitute for, fossil fuel can only

be realised with the exploitation of the Fast Reactor. The results

from a World Energy Conference Study in 1986 show that, for the long

term, if uranium is used only in thermal reactors, the total

contribution is some 4 of world total fuel resources with coal

being by far the largest contributor (80%). If this uranium is

utilised in FBRs then the factor 60 in energy yield makes uranium

the largest fuel resource and more than doubles the world's energy

resources. The strategic value of FBRs to a country and a utility is

that of rendering them largely independent of the vagaries of the

world fuel supply market. The introduction of FBRs can delay and

offset increases in the price of uranium required to fuel the

continued operation of thermal reactors. Their development is

therefore an essential objective in the next century, particularly

for those industrialised countries that have little or no energy

resources of their own.

BASIC PRINCIPLES

Natural uranium contains 071% of the fissionable isotope U235, the

remainder being U238. In order for fission to occur with U235, the

speed of neutrons in the core must be slowed or moderated. The

reactors currently in use are known as thermal reactors as distinct

from fast reactors. Thermal reactors use a graphite or water moder-

ator in order to promote fission in the U235 fraction which is

artificially increased to around 2 by a process known as

enrichment. The larger U238 fraction 98%) plays only a minor part

in energy production because it will only fission with fast or un-

moderated neutrons. During residence in the core about 0.5% of the

U238 is converted into plutonium and both materials are discharged
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as waste. The FBRs use fast neutrons without moderating them. Their

first fuel load is supplied by plutonium from thermal rea ctors In

and around the fuel, U238 is placed. Energy is produced by plutonium

fission but at the same time, under the effect of the fast neutrons,

the U238 is transformed into plutonium. The FBRs use, therefore, two

by-products from thermal reactors: uranium 238 and plutonium. They

produce energy and plutonium at the same time and plutonium

production can be varied. It can be equal to consumption,.in which

case the reactor is self-sustaining from the first load. It can be

higher than consumption, in which case the fast-breeder will little

by little make the fuel load for a new FBR. Finally, it can be

lower than consumption. In this case, the FBR can be used to

destroy plutonium, which would be useful if new sources of energy

were discovered, or if it were desired to destroy military

plutonium.

THE ESSENTIAL FEATURES OF FBRs

The FBRs must not have any moderating material in the core and

therefore liquid sodium is used to cool them. Sodium is mass-

produced for the chemical industry and special technology has been

developed in order to use it as a coolant. The use of sodium in this

way is straightforward and involves fewer risks than other coolants

such as organic liquids or steam under pressure.

The essential features of an FBR are shown in Figure 1. The primary

system contains the core from which heat is transferred via the

pumped sodium coolant to intermediate heat exchangers and hence to

the secondary system which also uses sodium as a coolant. The design

illustrated in Figure where the whole of the primary system is

contained in a single vessel applies to most current projects and is

known as a "pool" reactor. The alternative design is known as a

"loop" reactor. The secondary system transfers heat from the

intermediate heat exchangers to the steam generators where the

superheated steam produced is fed directly to the turbo-alternator

sets.

The intermediate heat exchangers are shielded from the core, hence

the secondary circuit and the steam/water circuits are non-

radioactive. This leads to low operator dose rates (about one tenth

of those in thermal reactors) As the sodium coolant always remains
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in the liquid phase, operating pressures in both the primary and

secondary circuits are low <1.5 bar primary circuit and <5 bar

secondary circuit) This compares with around 135 bar for thermal

reactor circuit pressures.

As sodium reacts with water, leaks in the steam generators must be

minimised by high quality design and fabrication. In addition, the

secondary system must be equipped to quickly detect leaks and stop

any reaction.

SAFETY

FBR safety is dealt with using the same basic rules as for other

types of reactors. The principle applied is that of defence in depth

with successive barriers giving efficient protection to operating

staff and the general public. It is a prerequisite that the safety

level of FBRs should be at least equivalent to that of other reactor

designs.

Liquid sodium cooled reactors possess naturally safe features:

- Sodium has excellent heat transfer characteristics. In particular

it behaves very well as a natural convector as its density varies

markedly with temperature.

- Reactor operating temperatures 640 C maximum in core) are much

lower than the boiling point of sodium 883 C at atmospheric

pressure) Core voiding through sodium boiling can therefore be

ruled out using preventive measures. If the reactor is of the "pool"

type, the thermal inertia of the primary system slows down the heat-

ing process and makes prevention easier.

- All the systems run at close to atmospheric pressure and

structural materials used, mainly austenitic steel 304 and 316, have

good ductility. This allows sodium leaks to be detected well before

large breaks occur in the vessels or the piping.

- Nuclear Steam Supply System (NSSS) operation is very stable. The

core has a negative power coefficient. The secondary circuit means

that core operation is less sensitive to grid operation.
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Sodium burns spontaneously in air at temperatures above 150 C but

it is only a mediocre fuel. Its specific heat production is 4 times

lower than that of hydrocarbons. Fire spreads slowly, flames are

short and the dense and opaque aerosols given off form a heat screen

allowing close access. The reactor vessel is surrounded by a safety

vessel and the space between the two vessels is filled with inert

gas. Radioactive sodium fires are therefore impossible. The

secondary sodium circuits are fitted with sodium fire powder

extinguishers.

Should there be a leak of water or of steam into the sodium within a

steam generator, pressure in the sodium circuit is limited by

bursting disc rupture. At the same time, the water supply is turned

off and the sodium and water drained from the leaking steam

generator. This procedure allows the steam generator to be repaired

and reused.

OPERATION AND THE ENVIRONMENT

Fast Reactors are environmentally benign and produce no more

radioactive waste than their thermal counterparts for equivalent

levels of electricity generation. In addition, Fast Reactors operate

at higher thermal efficiencies than Pressurised Water Reactor (PWR)

plants (with values comparable to those of modern fossil fuelled

plants or high temperature reactors) and so reject less heat to the

environment.

With their ability to use depleted uranium from the thermal reactor

programme, FBRs will cut the consumption of natural uranium,

drastically reducing mining operations and in consequence reducing

the release of radon gas to the atmosphere. They also offer the

possibility of providing a method of destroying long-life fission

products known as actinides by burn-up in the core. This is being

studied in the USA and Japan and in Europe.

The doses of radiation received by operating staff are about 

times lower than those encountered in other reactors. The experience

gained with reactors in operation has shown that maintenance

operations on sensitive equipment are straightforward. The pumps,

the heat exchangers and other smaller equipment can be removed in

inert gas. They are then washed and decontaminated and can be.
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repaired without any protection against radioactivity. Methods for

in-service inspection and repair of structures which 'cannot be

removed are being developed.

THE FAST REACTORS IN EUROPE

The first small-sized experimental reactors, built in the sixties,

prepared the ground for early development of sodium technology and

the understanding of fuel behaviour. RAPSODIE (France) and DFR

(United Kingdom) have now been decommissioned whilst KNK II (GFR is

still operating.

The medium power plants - about 250 M(e) - PHENIX (France) and PFR

(United Kingdom) have been operating for more than 15 years. SNR 300

(GFR) is waiting for the fuel loading permit. This operating

experience has enabled difficulties with component design (e.g.

intermediate heat exchangers, steam generators) to be identified and

inspection/repair procedures for equipment working in sodium to be

proved. It has also demonstrated the reliability and safety of the

fuel and other core components.

The commercial-sized prototype plant SUPERPHENIX - 1200 MW(e) - at

Creys-Malville in France (jointly constructed by France 51%, Italy

33%, GFR 16%) reached full power in 1986. In 1987 a sodium leak

occurred on the spent fuel decay storage drum, a low temperature

auxiliary vessel. The leak was due to the type of ferritic steel

used and, in particular, to hydrogen embrittlement of welds in this

steel. As a result, it was decided to move the storage facility

inside the reactor itself, a feature which was already incorporated

in the new FBR designs developed further to SUPERPHENIX. The

function of this auxiliary installation is being changed into a

transfer compartment for fuel sub-assemblies. Austenitic 316 steel,

for which there is good long term experience in sodium, is being

used in the rebuilding. SUPERPHENIX re-started operation in 1989.

The next step towards commercialisation of Fast Reactors in Europe

is the design and construction of the European Fast Reactor (EFR).

In 1988, the EFRUG (European Fast Reactor Utility Group) group of

utilities proposed that EFR should formally become a collaborative

project. The NOVATOME division of FRAMATOME (France), INTERATOM

(GFR) and NNC (UK) came together as EFR Associates for the nuclear
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steam supply system (NSSS) project, with contributions from ANSALDO

(Italy) and BELGONUCLEAIRE (Belgium). The R&D programmes at the Eu-

ropean research centres of CEA (France), INTERATOM and KfK (GFR) and

AEA (UK) have been re-aligned to meet the needs of EFR.

Like SUPERPHENIX, the EFR is a single pool type reactor and it will

have a design output of 1500 MW(e) A cross section of the primary

system is shown in Figure 2 The core is at the centre of the

reactor vessel. Three primary system pumps and six intermediate heat

exchangers are arranged around its edge. Sodium is pumped through

the core, heats up and flows into the upper plenum of the reactor

vessel and hence into the intermediate heat exchangers. Here it

loses heat to the secondary system before flowing back to the

primary pumps via the lower plenum. The six intermediate heat

exchangers are connected to six secondary system loops each of which

have a circulating pump and a steam generator unit.

ECONOMICS

The economics of fast-breeder r'eactors is judged in comparison with

previous reactors and in practice, with the PWRs. SUPERPHENIX is the

only FBR 1200 MW(e) power station currently built in the world. It

is a prototype power station, using a new technology and it is to be

expected that it is significantly more expensive than a standard PWR

power station.

Since SUPERPHENIX was built, an effort has been made in Europe to

reduce costs, first nationally, then within the EFR project. This

effort has led to considerable reductions in the weight of materials

and the volume of buildings. The reactor vessel has been reduced in

size from 21 to 17 metres, although the power has been increased

from 1200 to 1500 MW(e) . The length of the secondary circuits has

been reduced by a factor 16. The design of certain equipment, such

as the main pumps, has been considerably improved and recent

developments in materials have been used to reduce the cost of the

steam generator units. The result is that the weight of steel

involved in the EFR nuclear steam supply system is 55% of that of

SUPERPHENIX, and the size of the buildings has also been reduced. In

addition, progress with the fuel irradiation rate has reduced fuel

cycle costs.
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From these bases, it is not possible to give a single answer to the

question of the competitiveness of fast-breeder reactors because the

cost of the PWRs varies greatly from country to country. In Europe,

competitiveness is more difficult to obtain in France because the

PWRs have a low production cost, being constructed in series and

operating in large numbers. In the French context, SUPERPHENIX has

an investment cost of about three times that of an N4-type PWR If

technical progress is taken into account, the investment cost is

reduced to 1 9 times that of the PWR f or the f irst EFR produced

which will also carry the extra costs associated with a prototype.

These extra costs have been the subject of a study carried out for

the Commission of European Communities with the participation of the

UNIPEDE (International Association of Electricity Producing

Utilities) This has shown that, for series built FBRs, the loss of

these prototypical costs will bring the FBR capital cost to within

1.25 times that of an N4-PWR. The lower FBR fuel cycle costs then

combine to put FBRs into a strong competitive position against PWRs

in France. In other countries, therefore, it is likely that FBRs

will show economic advantages over PWRs.

It will be necessary to replace the first generation Light Water

Reactors (LWRs) in Europe at the beginning of the next century.

European utilities want to have the choice between the FBRs and

improved LWRs from 2010. To do this, it is necessary to design,

build and operate an EFR for a few years before this decision is

taken. Therefore the construction of the new plant will have to

begin during the second half of this decade.

The EFR programme must enable Europe to remain the leader in a field

which will be of vital importance for industmialised countries. A

first stage of two years has enabled techniques and methods to be

harmonised between countries. A common FBR NSSS design has been

made. In the second stage, which begins in 1990, this harmonisation

will be followed up, particularly in the areas of safety and

regulations. A detailed design will then be drawn up which will

allow design and construction companies to make an offer to the

utilities in the middle of this decade.
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DEVELOPMENTS IN SOUTHERN AFRICA


