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ABSTRACT: 

At the beginning of 1987, worldwide generation of nuclear electricity involved 406 reactors 
with a total capacity of 285 GWe, most of them LWRs (PWR and BWR), with 295 LWRs 
accounting for 83 % of the total. France is heavily engaged in this area : 49(43 LWRs) 
nuclear reactors with a total capacity of about 45 GWe were generating nearly 70 % of the 
total electricity output at the time. 

The oxide fuels discharged from LWRs represent the bulk of spent fuels to be managed. For a 
1 GWe LWR about 27 tonnes of spent fuels are discharged each year. This makes the total 
amount of spent LWR oxide fuels discharged worldwide in 1986 close to 4500 tonnes. 

For France, 750 tonnes of spent oxide fuels were discharged in 1986. Three alternatives 
are available for managing these fuels, final disposal, interim storage and determination of 
the final strategy in 40 to 50 years, and reprocessing. This paper focusses on reprocessing 
option. 

The reprocessing of spent nuclear fuels is based on the PUREX process comprising : 1/fuel 
dissolution in nitric acid after shearing the fuel assembly, 2/ separation of the valuable 
actinides uranium and plutonium from fission products and other impurities by TBP 
extraction. After purification, the major actinides can be reused ; 1/ purified uranium can be 
recycled to the enrichment step ; 2/ plutonium can serve for the preparation of mixed oxide 
(U, Pu)02 fuels for fast reactors or LWRs (MOX fuels). A wide gap exists today between the 
amount of fuels discharged from LWRs and the reprocessing capacities of all the plants 
running worldwide. France has the broadest experience in reprocessing commercial LWR 
oxide fuels, with more than 2200 tonnes already reprocessed at La Hague. This plant will 
have a total reprocessing capacity of 1600 t/y in the early nineteen nineties. 

The minor actinides present in the spent fuels, neptunium, americium and .urium, will be 
packaged with the fission products in glass blocks. For a 1 GWe LWR, about 3.5 m3 of 
vitrified HAW and 83 m3 of MAW will be produced each year. Ail the wastes produced 
during reprocessing operations with an alpha activity > 0.1 Ci/t will be stored in deep 
geological repositories in the future. In all the countries engaged in nuclear electricity 
programs, studies are underway to determine the ideal geologicalsites. The solution to this 
problem is undoubtedly a key to the progress in the production of nuclear electricity. 



1. INTRODUCTION 
• 

The industrial phase of nuclear electricity generation actually took off throughout the world 
after the first 'oil shock' of 1973/1974, in the wake of the Middle East conflict. Since then, 
many countries have set up ambitious programmes for the construction of nuclear power 
plants, for which the targets were subsequently revised downward due to the world economic 
recession and the reluctance, indeed opposition aroused by this form of electric power 
production. This opposition to the 'nuclear' option was consolidated following the LWR 
reactor accident at Three Mile Island in the USA in March 1979, and following the 
catastrophe that occured at the RBMK reactor in Chernobyl (USSR) on 26 April 1986, which 
caused several deaths and disp jrsed radioisotopes into the environment with a total activity 
of about 1.6-10+8 Ci, including 2.3-10 + 4 Ci of a emitter actinides (242Cm) and 2.3-10 + 6 Ci 0 f 
p- emitter actinides (239Np). Despite these programme revisions and accidents, the nuclear 
industry occupies an important position in many countries. Nevertheless, the development 
scenarios for nuclear power plants to guarantee industrial growth have been rescheduled. 
Thus the increase in FBR capacity has certainly been postponed to the next century, where 
only five to six years ago, it was planned to build a series of Super-Phénix type fast breeder 
reactors in Europe. The strengthening of the nuclear power programmes and their ready 
acceptance by the populations are among the main issues of the industry of the back-end of 
the fuel cycle. 

2. INSTALLED NUCLEAR CAPACITIES AND QUANTITIES OF SPENT FUELS 
DISCHARGED 

Table 1 provides a view of world nuclear pewer generating capacity by country, for those 
that have more than 2GWe (net) of installed capacity. A total of 406 reactors were in 
operation worldwide on 1 January 1987, for a total installed capacity of 284.9 GWe (net). 
France is in second place with 49 reactors and a total capacity of 45 GWe. On the same date, 
138 new plants with a total capacity of 124.3 GWe were under construction, while 65 units 
with a capacity of 58.6 GWe had been ordered. The contribution of this reactor capacity to 
world primary energy production is nevertheless modest, around 4.6%, but the nuclear share 
of electrical energy generation is substantial at 14%. The figures are much more significant 
for France, where nuclear energy accounted for 28.5% of total primary energy consumption 
and 70% of electrical energy generation in 1986. It is interesting to observe how this 
installed capacity is divided among the different reactor types, as shown in Table 2 Note 
that the vast majority of this capacity consists of light water reactors (PWR and BWR), 
accounting for over 72% of installed capacity. The supremacy of LWRs is destined to grow in 
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the future becausa 8Q% of all reactors under construction and 89% of those in the order books 
are light water reactors, chiefly PWRs. 

The French situation reflects this crushing domination of light water reactors, with 43 
PWRs with a capacity of 41.52 GWe accounting for 92% of total installed capacity, and other 
reactors contributing a modest share to production, 2.01 GWe corresponding to four GCR 
reactors and 1.433 GWe representing the capacity of the Phénix and Super-Phénix (SPX1) 
fast breefer reactors. 

A glance of the types of spent fuel discharged from the reactors each year shows that those 
based on enriched uranium oxide (UO2) make up the bulk. This applies to fuels from LWRs 
and also from the Candu and RBMK reactors. These fuels occur in the form of tube bundles 
or rod clusters consisting of zircaloy. The other oxide fuels are those from fast breeder 
reactors (U, Pu)C>2 for the core and UO2 (depleted U) for the blankets, and those from AGR 
reactors, clad in stainless steel rods. Only the French and British (MAGNOX) GCR reactor 
fuels are different, consisting of a uranium metal base alloy enclosed in a magnesium clad. 

A 1 GWe capacity PWR reactor operating with a load factor of 75% discharges about 271 of 
spent fuels annually. Thus, in France, 7501 of spent fuels were discharged from PWR 
reactors in 1986. Assuming that all the LWR reactors throughout the world operated in 
similar conditions, the quantity of spent fuels produced is around 45001. 

3. SPENT FUEL MANAGEMENT STRATEGIES 

Spent fuel management strategies vary according to the country concerned, and include the 
following alternatives. 

(1) Fuel reprocessing, a decision taken by a number of countries including Argentina, 
China, Belgium, France, West Germany, Japan, Switzerland, the UK and USSR. 

(2) Final disposal without reprocessing, the choice of Spain and Sweden. 
(3) Long-term storage of spent fuels leaving open the possibility of subsequent 

reprocessing or final disposal, and decided by Canada, Czechoslavakia, Finland, Italy 
and the USA. 

Irrespective of the decisions taken by the countries concerned, the fuels discharged from the 
reactors must remain at least a year or for several years in storage pools near the reactors. 
As shown below, overall reprocessing plant capacity is significantly short of the quantities of 
fuel intended for reprocessing. This underwater storage of oxide fuels is feasible for several 
years in view of the outstanding corrosion resistance of zircaloy. As for metal fuels from GCR 
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reactors, clad in a magnesium alloy, their reprocessing must take place within a maximum 
of two years after discharge, due to the low corrosion resistance of the clad. 

Most of the stock of spent fuels discharged worldwide from reactors is destined for 
reprocessing, the two major exceptions being American and Canadian fuels. Since most of 
this stock consists of oxide fuels, it is their reprocessing that is discussed in the next section. 

4. SPENT FUEL REPROCESSING 

4.1 OBJECTIVES 

Two objectives are assigned to spent fuel reprocessing. 

(1) Recovery of valuable fissile and fertile material, uranium and plutonium, for re-
utilization. In fact, the uranium in spent LWR fuels is still slightly enriched with 235TJ. 
This objective is also essential for the ultimate development of FBR reactors, which use 
plutonium. 

(2) Treatment and packaging of nuclear wastes, fission products, activation products and 
minor actinides, in accordance with their potential hazard, so as to guarantee tneir 
interim and very long-term storage. 

4.2 THE REPROCESSING INDUSTRY 

The oxide fuel reprocessing industry has only really reached its maturity in France, where 
the UP2 plant at La Hague has reprocessed more than 22001 since it was commissioned in 
1976. Industrial control has been demonstrated by the operation of this plant at its nominal 
capacity of 400t/year. Two other countries also boast substantial industrial experience. 
Japan with 3271 of fuel reprocessed at the Tokaï Mura plant since 1977, and West Germany, 
where 1801 have been reprocessed at Karlsruhe in the WAK facility. 

Table 3 lists the reprocessing plants in operation today and those to be commissioned before 
1995 in market economy countries. In 1988, total installed eapacify is only 645 t'year for 
oxide fuels from LWR reactors, and this figure should be compared with the total amount of 
oxide fuels discharged ( — 45001). This capacity is expected to increase very substantially in 
the forthcoming years, with the commissioning of the La Hague plants UP3 and UP2 800, 
and the facilities at Sellafield, Rokkashomura and Wackersdorf. France's world leadership 
position, with the COGEMA UP3 and UP2 800 plants, should be maintained at least until 
the end of the century. French competence in the reprocessing of oxide fuels was largely 
favoured by the experience gained in reprocessing metal fuels : over 8000 t were reprocessed 
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in the UP1 and UP2 plants at Marcoule and La Hague respectively. The same situation can 
be expected in the United Kingdom, which has reprocessed 25,0001 of MAGNOX fuels and 
will i -prv>oess AGR and LWR oxide fuels in the Thorp plant at Sellafield starting in 1992. 

4.3 INDUSTRIAL IMPLEMENTATION 

The only process used industrially to reprocess spent fuels is the PUREX process, mainly 
based on hydrometallurgy operations. The unit operations carried out during the process are 
shown in figure 1. 

4.3.1. Transport unloading and interim storage 

The fuel assemblies consisting of rod bundles, measuring about 4 m long, holding 264 rods 
(PWR = 17x17) initially containing UO2 based on uranium enriched to about 3.5% -35U, 
irradiated to about 33.000 MWdn-i for PWR fuels (and about 28,000 MWdn-i for BWR 
fuels) are transported in shielded casks from the power plant sites, where they have been 
stored under water in pools for year(s) after discharge from the reactors, to the reprocessing 
plants. These casks, designed for the simultaneous transport of several fuel assemblies 
(twelve PWR assemblies for the TN 12 cask), are very heavy (about 1001) and complex 
machines that must guarantee absolute transport safety. 

On their arrival at the reprocessing plant, the fuels are unloaded from the transport casks. 
This delicate operation is normally performed after the loaded cask is immersed in water. To 
simplify this unloading operation, COGEMA has successfully installed a dry unloading 
facility at the La Hague UP2 plant, an operation designed to shorten unloading time and to 
minimize the volume of contaminated effluents to be treated. After unloading, the fuel 
assemblies are "tored under water in pools awaiting reprocessing. 

The spent oxide fuel storage capacity of the reprocessing plants is already considerable. La 
Hague has four pools with a total capacity of 63001 currently in operation. A fifth 40001 
pool is to be commissioned before 1990. 

4.3.2. Chemical treatment 

11 of LWR fuel (UO2, initial enrichment 3.5%) irradiated to a nominal burnup of 33,000 
MWd»t l, and cooled for three years, approximately exhibits the following properties : 

. residual mass of U = 956 kg including » 10.27 kg of 235U (or 1.0"%) and 4.27 kg of » 
236U, 
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• mass of FP = 33.85 kg with Py activity of about 7.6*105 Ci, 
• mass of plutonium = 9.66 kg, mainly fissile isotopes 239 and 24ip u (70<£), 
• mass of minor actinides : neptunium 237 = 433 g, americium 241 and 243 = 319 g, 

curium 244 = 25.8 g. 

The a activity due to the actinides is about 7123 Ci. 

The difficulty of the operations to be carried out in a reprocessing plant is clear once the 
necessary decontamination performance of the finished products is known : 

uranium DFpy = 1.5-106, FDPu = 2*106 ; 0 Y activity 0.5 Ci.t-l 
• plutonium DFpy = 10" to 7-107, DFu = 6.5-105 ; p Y activity 1 Ci.t-i 
together with the values of the authorized releases of radionuclides into the environment. 

For the La Hague plant, the figures for applications for radioisotope releases in liquid form 
(for the complete site, 1600 t/year) are as follows : 

• fly emitters (excluding tritium) = 45,000 Ci 
• a emitters = 45 Ci. 

Shearing 

Jo enable nitric acid solution tc attack the fuel, it is necessary to chop the assemblies. This 
operation is performed at La Hague after cutting the top and bottom ends of the assemblies, 
using a horizontal shear which accomodates the complete bundle. Each rod of the fuel 
element is thus broken into pieces about 30 to 35 mm long, which contain all or part of the 
nuclear material. At this stage, a fraction of the gaseous fission products escapes through 
the DOG where it is subjected to iodine trapping. 

In the future La Hague plants, two lines equipped each with a shear and a dissolver will be 
used to guarantee regular production. 

Dissolution 

The chopped fuels are sent to a dissolver, where they enter into contact with boiling nitric 
acid solution. The dissolution reaction of the fuel, essentially UO2, generates a large amount 
of nitrous vapours. In this stage, most of the gaseous fission products escape through the off-
gas circuit in which they are treated. It is also necessary to guarantee that a minimum of 
iodine 129 remains in solution in order to avoid polluting the rest of the plant with this 
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extremely dangerous radiocontaminant. Fuel dissolution produces a solution with the 
following approximate composition : 

U VI = 250 g-€ -l Pu IV = 2.5 g»M FP = 9 g-f-i 

The Py and a activities are approximately 200 and 1.87 CW-1 respectively. 

The fuel is not totally dissolved, and about 3 kg of fission products is not dissolved. These are 
the dissolution fines consisting of FP from the platinum mine : Pd, Rh. Ru and molybdenum. 
A small fraction of the plutonium is found trapped in these residues. 

Nevertheless, the main solid residue from dissolution consists of sections of clad or hulls 
weighing about 300 kg per ton of fuel. The solid wastes are extremely irradiating and their 
final management is still under examination. For the time being, at the La Hague plant, 
these wastes are stored in silos under water, amounting to interim storage. In the UP3 and 
UP2800 plants, the hulls will be immobilized in a concrete matrix for subsequent final 
disposal. 

Implementation of the dissolution operations must take account of the criticality risk. Two 
alternatives are available : (a) poisoning of the dissolution liquor ry a neutron absorbent 
(such as gadolinium), and (b) criticality safety guaranteed by tht geometry. The second 
alternative was selected for the continuous dissolver for the UP3 and UP2 800 plants. The 
diagram of this dissolver is shown in Figure 2. 

Before being sent to the uranium and plutonium extraction cycles, the dissolution liquors 
must be clarified to remove any traces of solid particles, whose presence would be 
detrimental to the extraction operations. 

Extraction cycles 

The valuable materials uranium and plutonium are separated from the undesirable 
elements by liquid/liquid extraction, using a solvent consisting of a solution of tributyl 
phosphate (TBP) diluted to 30% by volume in an aliphatic hydrocarbon, n-dodecane, or a 
petroleum cut. This solvent shows a strong affinity for U VI and Pu IV and a weak affinity 
for fission product ions. Uranium VI and Plutonium IV exist in the organic phase in the form 
of definite compounds UÛ2(N03)2 'TBP)<> and Pu(N0.3)4(TBP)2. 
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U VI and Pu IV are extracted in extractors in which the organic and aqueous phases are in 

countercurrent flow. The most widely used units are pulsed columns. The first stage is hence 

a co-decontamination stage during which the U and Pu are rid of most of the fission 

products. On completion of this stage, following stripping of the U and Pu. the solvent can be 

recycled after purification. In certain units, the implementation cf the co-decontamination 

cycle may be complicated by the behaviour of certain fission products, such as zirconium and 

technetium, which necessitates adjustments. 

The uranium and plutonium rid of most cf the FP must then be separated by the U/Pu 

splitting operation, which exploits the different redox properties of uranium and plutonium. 

Thus a solvent containing U VI and Pu IV is contacted with an aqueous solution containing 

a specific plutonium reducer. U/Pu splitting takes place by reductive stripping of the 

plutonium. 

The systems most widely employed today are based on the reducing properties of UIV and 

hydroxy lammonium nitrate (NHA). 

As shown in Fig~ire 1, three successive cycles are necessary to meet the requisite purity 

standards. 

Finished products 

On completion of the extraction cycles, the uranium and plutonium have purities that meet 

the specifications in force. The uranium, which accounts for most of the treated stream, 

remains stored in containers after concentration of the uranyl nitrate solution to 400 g*€-1. 

A small fraction is recycled to enrichment operations (see below). As for plutonium, the 

purified Pu IV nitrate solution is treated with hot oxalic acid to cause precipitation of Pu IV 

oxalate, which is rinsed and dried and then calcined in air at 450X, leading to the finished 

product PuÛ2. 

The feasible alternative related to the re-utilization of these finished products have not yet 

been firmly established. 

The recycling of ths uranium produced by LWR fuel reprocessing is not as easy as the 235U 

content of 1.07% would tend to imply. In fact, the uranium thus produced is also enriched 

with isotopes of atomic weight 232 (harmful due to hard y emitters decay products), and 

neutron absorbent 234 and 236. In France, however, the decision has been taken to recycle 

reprocessed uranium, and investigations are currently under way to identify the technical 

and economic problems involved. 
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The policy of plutonium recycling has deviated drastically in recent years. The initial 
decision was to fabricate mixed fuels (U, Pu)C>2 containing about 20% Pu to supply FBR 
reactors (a reactor like Super-Phénix consumes about 1.81 of plutonium per year of 
operation). This decision was abandonnée when the development scenarios for this reactor 
were reviewed. The plutonium recycle strategy currently adopted by many countries 
consists of the preparation of mixed fuels (U, Fu)C>2 ( = 7<fc Pu) called MOX for LWR 
reactors. In this area. COGEMA (France) and Beigonucléaire (Belgium) have set up the 
COMMOX consortium for the fabrication and saie of MOX fuels to electrical utilities. A 
plant called MELOX will be built at Ma: coule (France) with a production capacity of 1001 of 
heavy metal per year. 

4.3.3. High level waste treatment 

Most of the fission products are found in the raffinato from the first uranium and plutonium 
co-extraction cycle. The first step in the treatment of this high-level effluent consists of its 
concentration by distillation (about 5 m 3 of HL effluents are generated per ton of fuel). 
Simultaneous with concentration, the nitric acid is destroyed by reaction with formaldehyde 
leading to the formation of carbon dioxide and of nitrous vapours that are recombinable to 
form recyclable HNO3. On completion of this concentration/denitration phase, the 
concentrates ( — 300 €»t-l) are sent for interim storage in tanks that are permanently cooled, 
stirred and ventilated. The FP tanks at La Hague have a capacity of 120 m 3, corresponding 
to the storage of FP concentrates produced by the reprocessing of fuels discharged in one 
year from reactors with a total capacity of 11 GWe. 

The second stage, the final packaging of the fission products, and the best-known at the 
present time, is vitrification. This consists of completing the evaporation of the solution and 
then incorporating the FP oxides obtained in an amorphous glass network. The flow sheet of 
a vitrification facility is shown in Figure 3. Effective treatment is necessary for the gases 
generated to prevent any undesirable release of radioisotopes. Two radioisotopes, ruthenium 
and cesium, display undesirab'e properties in the experimental conditions. The ruthenium 
remains confined in the unit tLanks to the reducing action of an organic reagent added to the 
mixture, while the cesium cannot cross the gas treatment barrier. This technique has been 
applied industrially in France since 1978 at the Marcoule AVM facility, which has vitrified 
1080 m3 of FP solution (GCR) leading to the production of 525 t of glasses (as of August 
1987). In the reprocessing of LWR oxide fuels, 150 liters of HL glass are produced per ton. 
Facilities are nearing completion at La Hague (AVH) and are under construction at 
Sellafield (United Kingdom). For its Rokkashomura plant, Japan has not yet decided on 
vitrification oî ceramization. After vitrification, the glass blocks are stored in shafts 
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ventilated with air by natural convection. This is a form of interim storage awaiting 
shipment to a final deep underground repository. 

4.3.4. Future problems to be solved 

The industrial problems to be solved in the future can be classified in accordance with 
foreseeable deadlines. 

Short term 

The brief description of the oxide fuel reprocessing operations (LWR) given above was 
concerned with fuels irradiated to a burnup of ?3,000 MWd't 1. Scenarios are currently 
under examination to raise the burnup to higher values, in the range of 45,000 MWd*t-i. 
This applies, for example, to the Japanese reference fuel. It would certainly be more difficult 
to reprocess these high burnup fV°ls. Problems are sure to arise related to the larger 
quantity of FP and the higher 2 3 8 u content of the plutonium produced, which will cause 
increased degradation of the solv» it. 

Other problems also need to be solved for the reprocessing of MOX fuels, which are similar 
in certain respects to FBR fuels. Industrial experience is available in this area, because 
COGEMA has reprocessed 201 of'fast' fuels at UP2 at La Hague, diluted in the main stream 
of reprocessed fuels. Similarly, in the United Kingdom, a pilot plant at Dounreay has 
reprocessed more than 101 of FBR fuels. 

Medium term 

FBR fuel reprocessing will have to be demonstrated clearly in the medium term so as to 
make a decisive contribution to the assessment of the technological value of this reactor, 
whose development implies the reprocessing of the fuels generated. Some industrial 
experience is available in certain countries (France, UK), but the management of a plant 
with a capacity of - 50 t/year will remain a true 'challenge'. 

Long term 

As shown above, minor actinides such as neptunium, americium and curium are present in 
small amounts in the spent fuels. At the present time, these elements are considered as 
impurities, and sent to the VHL solution which contains most of the FP. Hence these minor 
actinides are ultimately found in the glass blocks. Considering the potential radiotoxicity of 
the nuclear wastes contained in the glasses, it is clear that, after about three centuries of 
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storage, this radiotoxicity is essentially due to the presence of a emitter minor actinides, 
including 23?Np (tj- = 2.14-106 years) and 24iAm (t£ = 432 years). The separation of the 
minor actinides from the FP, followed by their destruction (by nuclear incineration, for 
example) is an attractive solution that would simplify the long-term disposal of the glass 
blocks. The implementation of this separation, the alternative adopted by the Popular 
Republic of China for its future reprocessing plant, is a laborious operation and will require 
considerably expanded processing facilities. 

5 LONG-TERM MANAGEMENT OF NUCLEAR WASTES 

Irrespective of the spent fuel management policy adopted, most of the radioisotopes 
contained will ultimately have to be placed in deep repositories in stable geological 
formations. For certain countries committed to reprocessing, the management strategy for 
the nuclear wastes produced throughout the cycle mainly depends on their a emitter 
activity. All the wastes which, after packaging, exhibit a contamination rate > 0.1 Ci*t-1 

will have to be disposed of in a deep repository. The remaining wastes can be sent to 
subsurface disposal in specially-designed silos. These wastes, essentially contaminated with 
PY emitters, are normally immobilized in concrete, bitumen or thermosetting resin matrices, 
which guarantee radionuclide containment. 

Thus, in France, ANDRA, the organization responsible for nuclear wastes on the nation
wide level, manages the Manche disposal centre at La Hague, which has a storage capacity 
of 400,000 m3. Since this facility will scon be full, a second shallow-ground disposal centre 
will be commissioned in 1990 at Soulaines Dhuys in the Aube Département. 

The design of underground repositories, either for the direct disposal of spent fuels or for 
'alpha wastes' and VHL wastes (glass blocks), is a subject of intense investigation on the 
international scale. Several geological sites, generally located in depths between 500 and 
1000 m, in granite, shales and salt, are feasible. Before finally selecting a site, it is necessary 
to conduct studies in underground laboratories. This has already been undertaken in 
Sweden in the Stippa mine, is scheduled soon in Canada at Whiteshell, and in a few years in 
France. In these underground laboratories, th*î problems of water circulation and heat 
transmission in the rocks are investigated thoroughly. When the industrial phase of 
underground disposal will be implemented, the concept of multibarriers. omnipresent 
throughout the fuel cycle, will be applied. Three barriers will thus be inserted between the 
radioisotopes and the biosphere : (1) the containment material (glass, concrete, etc), (2) the 
filler material (clay, bentonite), and (3) the geological formation itself. This industrial phase 
cannot be expected before the twenty-first century. 
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6 CONCLUSIONS 

The operations of the back-end of the nuclear fuel cycle have only truly entered the 
industrial phase in recent years. Despite the difficulties associated with the crisis in the 
1970s and 1980s and the accidents occuring in a number of power plants, the back-end 
industry has moved massively worldwide in favour of reprocessing. An enormous gap exists 
for the time being between installed reprocessing capacities and the tonnages of fuels to be 
reprocessed, so that the interim storage of these fuels in pools is necessary for several years. 
This situation can be expected to continue until at least the end of the century, despite the 
considerable increase in reprocessing capacity anticipated by 1995. 

The problems raised by the final disposal of VHL vitrified and a emitter-contaminated 
wastes will have to find a solution within the next twenty years. The solutions devised for 
these problems will make a decisive contribution to the final acceptance of the overall 
nuclear industry by the States as well as the populations. 
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COUNTRY 

NUCLEAR ELECTRICITY 
GENERATING CAPACITY 

COUNTRY 
Total capacity 

(GWe net) Number of plants 

USA 
FRANCE 
USSR 
JAPAN 
WEST GERMANY 
U.K. 
CANADA 
SWEDEN 
SPAIN 
BELGIUM 
SOUTH KOREA 
TAIWAN 
SWITZERLAND 
CZECHOSLAVAKIA 
FINLAND 

88,2 
45,0 
32,0 
26,9 
18,9 
11,8 
11,2 
9,7 
5,6 
5,5 
5,4 
4,9 
2,9 
2,8 
2,3 

102 
49 
54 
36 
21 
38 
18 
12 
8 
8 
7 
6 
5 
7 
4 

World total 284,9 406 

Table 1 World nuclear electricity generating capacity and countries 
with more than 2 GWe installed capacity (on 1 January 1987) 

- 1 3 -



• 

REACTOR 

INSTALLED NUCLEAR ELECTRICITY 
GENERATING CAPACITY 

REACTOR 
Capacity 
(GWe net) Number of plants 

LWR 

PWR 
(and WER) 

169,1 210 

LWR 
BWR 67,6 85 

Heavy water 
(PHWR, BHWR, 

Candu) 
13,7 26 

Graphite/Gas 
(GCR, AGR) 14,3 43 

Graphite/light water 
(RBMK) 16,9 28 

FBR 2,4 9 
Miscellaneous 0,9 5 

Table 2 World nuclear electricity generating capacity and breakdown 
by reactor type (on 1 January 1987) 
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COUNTRY Site Capacity 
(t/year) 

Year 
commissioned 

France 

LA HAGUE 

UP2 

UP3 

UP2 800 

400 

800 

800 

1976 

1989 

1992 

India 
Tarapur 

Kalpakkan 

100 

100 

1982 

? 

Japan 
Tokaï Mura 

Rokkashomura 

210 

800 

1977 

1995 

West Germany 
Karlsruhe 

Wackersdorf 

35 

350 

1970 

1995 

U.K. Sellafield 1200 1992 

- - • -

Note that future plants are underlined. 
World capacity (M.E.C.) = 745 t/y in 1988 and 4395 t/y in 1995 

Table 3 Capacities of oxide fuel reprocessing plants in market economy 
countries. 
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TABLES CAPTIONS 

Table 1 World nuclear electricity generating capacity and countries 
with more than 2 GWe installed capacity (on 1 January 1987) 

Table 2 World nuclear electricity generating capacity and breakdown 
by reactor type (on 1 January 1987) 

Table 3 Capacities of oxide fuel reprocessing plants in market economy 
countries. 

FIGURES CAPTIONS 

Figure 1 Purex process for oxide LWRs spent fuel reprocessing 

Figure 2 Continuous rotary dissolver (UP3, UP2 800) (Principe) 

Figure 3 AVM Continuous vitrification process 
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FIG. Î - PUREX PROCESS FOR OXIDE LWRs SPENT FUEL REPROCESSING 
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FIG. 3 - AVM CONTINUOUS VITRIFICATION 
PROCESS 


