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1. INTRODUCTION 

Assurances of long-term supply of technology, fuel and heavy water and 

services in the interest of national needs consistent with non-prclifera-

tion have been analysed specifically for the particular needs of in

dustrial countries with limited nuclear power programs. 

As a general common basis to start investigations important facts of 

different countries such as population, annual per capita electricity 

consumption and national gross domestic production have been compared. 

For some of the countries considered respective domestic uranium resources 

and planned nuclear power programs have be.?n indicated. 

For the implementation of nuclear power programs, the long-term avail

ability of nuclear fuel and the necessary nuclear fuel services are of 

major importance. The possible development of a domestic nuclear fuel 

industry har» to be evaluated and a detailed analysis of dependencies 

on foreign supply and services has to be performed. For the evaluation 

of these questions, detailed considerations of capacity requirements, e.g. 

economies of scale dependencies for the use of nuclear power represent a 

suitable approach. Generally, countries with small nuclear power programs 

are not able to take maximum economic advantage of nuclear power produc

tion on a national basis because of economies of scale reasons. Only detaileJ 

analyses of the additional costs caused by economies of scale considerations 

(capacity factors) will permit a comparison of the costs with those of other 

electricity generating systems. Furthermore, the realization of an independent 
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domestic nuclear power program will necessitate additional research and 

development work in some or all nuclear engineering areas, again giving rise 

to increased costs. Having accounted for all these factors will enable to 

judge a country's specific situation. 

So it is apparent for countries with limited nuclear power programs that 

the most effective approach to achieve minimum costs for nuclear energy 

production is reliable, good working international cooperation on fuel 

supply, fuel utilization and waste management. The trust in the internatio

nal ity of nuclear energy was in the past the reason for these countries to 

decide in favour of nuclear energy. Needed is encouraging support by the 

countries with large nuclear power programs with their possession of know-how 

and technology and of optimum sites for the various facilities of the nuclear 

fuel cycle. 
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2. ANALYSIS OF STRUCTURE OF NUCLEAR POWER PROGRAMS AND FUEL 

CYCLES FOR SMALL INDUSTRIALIZED COUNTRIES 

The peaceful application of nuclear energy in small industrial countries 

can be characterized as follows: 

- Small industrialized countries generally started their nuclear 

power programs based on foreign nuclear reactor technologies enabling 

the construction of nuclear power plants for electricity generation. 

- High level of technology, technical know-how and engineering 

capabilities in small industrialized countries assured a high pro

portion of self-supply of construction works and machine equipment 

as well as a suitable training of competent staffs for the operation 

of plants and associated services. 

- The nuclear fuel supply for power plants in small industrial 

countries has to be organized on an international level in order 

to take advantage of the inherent cost benefits of the different 

nuclear fuel cycle steps. 

- As some steps of the nuclear fuel cycle are highly sensitive areas 

with respect to proliferation, the supply of fuel is subject to 

politic.il control and safeguarding institutions. 

http://politic.il
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These general conditions for the introduction and peaceful use of 

nuclear energy in small industrial countries have to be considered 

when choosing and deciding reactor strategies and the associated 

fuel cycles. 

The substitution of fossil fuel for the production of electric 

energy by nuclear power,thus generally creates a new system of 

dependencies for small industrial countries which have to be 

evaluated with respect to future technical and political develop

ments. These dependencies in the nuclear field are generally 

characterized by long time-constants as compared to the dependen

cies on the supply of fossil fuel or even in the case of direct 

electric energy import. 

2.1 Choice of Reactor Types 

In present day nuclear installations such as light water and CANDU 

reactors only about 1 to 2 % (corresponding to about 0,3 to 0,5 fuel 

utilization for electricity production) of the natural uranium will 

produce nuclear energy and the remaining 9S to 99 % do not contribute to 

energy generation. At the end of a fuel cycle a small amount of 

plutonium will be available and can be recycled. 
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The possibility of near-breeding (conversion factor 0,95) or of just 

breeding in thermal nuclear reactors as means of vastly improving fuel 

utilization for electricity production to about 3 to 10 Z has attracted 

attention from the start of nuclear power development. Research and 

development programs in various countries have proceeded on the most 

promising apporaches and significant technical successes have been 

achieved. However, priority has been given to fast breeder reactor 

development because of its greater potential of fuel utilization for 

electricity production of about 25 %. Significant changes have occurred 

in the past few years in the projections for world-wide implementation 

of nuclear power and of different reactor systems. These changes have 

increased the incentives for thermal breeder and near-breeder development 

to improve nuclear fuel utilization in thermal reactors. 

In Fig. 1, different fuel usage concepts of various reactor systems, 

namely burners, converters, high converters or just breeders and fast 

breeders are put together; also indicated are the related steps of fuel 

procurement, fuel utilization and waste disposal A/. 

Of the thermal high conversion or just breeder reactors the seed-blanket 

concept has the important feature that it can be installed in present 

day pressurized light water reactors after some modifications of the 

core and pressure vessel using uranium as fuel. This feature will be 

employed in the design of the first PWR plant at Shippingport, USA. 

Just breeding however, is only possible on the Th-U233 cycle because 

of the basic r^actcr physics parameters. It is evident that for both 

fuel cycles reprocessing capability is required. 
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At present, a total of 206 nuclear power plants with a total 

installed power of 95 GWe are in operation with a cumulative operatio

nal experience of more than 1500 reactor-years 111. 

Light water reactors represent the vast majority of these 206 

reactors followed by gas cooled and heavy water reactors. 

Projected nuclear power programs show a further increase of light 

water reactors in the next decades. But some countries will also introduce 

fast breeder reactors. 

For small industrial countries, one can generally apply the 

following criteria for the choice of reactors and fuel cycles. 

- Small countries, even though industrialized, will not bn able 

to develop new reactor systems within the next decades. The 

reason for this is less a technical but mostly a financial one, 

as the financial burden to develop, demonstrate by prototypes 

and commercially introduce new reactor systems is enormous. 

Thus,the choice of nuclear power reactors will be limiLed to 

existing and proven reactor types which have been demonstrated 

elsewhere. 
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- The above mentioned applies even more to the related fuel 

cycles of new reactor systems, especially because the costs of 

these activities are very sensitive to economies of scale con

siderations (capacity factors). 

- Hence, during the next decades pressurized and boiling light 

water reactors as well as heavy water reactors will be of primary 

importance for the type of countries considered here. High 

temperature reactors, despite their inherent advantages, have 

not yet shown a break-through even in big industrialized 

countries and are therefore in this study of minor consideration. 

The fast breeder technology requires a very high scientific 

level of research and industry as well as reprocessing plants. 

Therefore, for a small industrial country only participation 

in bilateral or international breeder projects can be foreseen 

in the near future. 

- With the delay of the fast breeder introduction the availability of 

thermal breeders or high converters might offer the possibility of 

greatly reduced uranium needs. The development of thermal breeders 

can he realized on existing and demonstrated technology. However, 

for best utilizing the desired breeding or near-breeding capabilities 

of such systems the U-l'ti and Th~ll233 reprocessing technologies have 

to he established on an industrial scale. 
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- Generally, small industrial countries show high per capita 

consumption of electric ene. >./ /3/ which in most cases justifies 

the construction of medium ar"1 large size nuclear power plants 

in the range of 600 to 1200 MWe, provided suitable transmission 

grids exist, thus taking advantage of the degression of specific plant 

installation costs. 

Structure of Nuclear Fuel Cycle 

The structure of the nuclear fuel cycle can be divided into three 

principal steps: fuel procurement, fuel utilization and waste 

disposal. A short description of these three steps with respect 

to availability of technology is given, as can be seen in Fig. 2, 

and will be the basis for further detailed economies of scale con

siderations, e.g. capacity factors, of the individual steps of the 

nuclear fuel cycle. 

The procurement of nuclear fuel starts with prospection, mining 

and extraction. Technology of these activities is generally available, 

somewhat depending on the general mineral resources of the respective 

country. Domestic mining and extraction capabilities and capacities 

play an important role if a country wishes to use essentially 

national resources. 
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The preparation for use of nuclear fuel, including conversion, 

enrichment (for LWRs), and fabrication requires a high degree 

of technology and technical know-how; enrichment of fuel is 

generally not available, due to lack of technological know-how. 

Furthermore, this technology is considered to be a "sensitive area" from 

the safeguard point of view. Economies of scale dependent cost analyses 

will have to be executed with regard to the preferred technology, i.e. 

diffusion or centrifuge etc. So far, for small industrialized countries 

this step of the fuel procurement generally used to be subject to bilateral 

or international cooperation. The fabrication of nuclear fuel requires 

high scientific and technological qualifications of experienced manu

facturers and/or reactor suppliers in most cases not available in coun

tries considered here. However, it would be possible to fabricate fuel on 

a licence basis. As concerning economic considerations, high plant capaci

ties are recommended. Transport of non-irradiated fuel is no technical 

problem and easily manageable. 

Fuel JJtiligation; 

The operation of a nuclear power plant can be organized and 

performed on the acquired basis of technology transfer during 

plant construction. Optimization and deep understanding of 

fuel performance and safety calculations probably require 

continuous cooperation with reactor supplier countries. 

Domestic nuclear engineering capabilities have to be developed in 

parallel to the installation of nuclear power capacity. 
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;s 

The storage of irradiated nuclear fuel after one through-put, whether in 

internal reactor pools or in independent fuel storage facilities, can 

technologically be handled by the countries with limited-nuclear power 

installations on their own. The problem has to be considered from the 

organizational and capacity point of view. For small power programs the 

construction of long-term storage pools can sensitively influence the 

economic balance of fuel cycle costs. 

Reprocessing of irradiated LWR and HWR fuel represents for many industrial 

countries with limited nuclear power programs a very complex and diffi

cult domain of their nuclear power programs. Establishing economically 

operating reprocessing plants in these countries would have to be based 

on power programs far beyond the scale of those considered by these 

countries. In the past the reprocessing technology was declassified, but 

not very long ago, the technology of reprocessing has been declared as 

a highly sensitive technology and is not available for small industria

lized countries on a technically large scale. The energy content of 

uranium fuel is only partially exploited in a once-trough cycle of the 

fuel. Thus, irradiated fuel represents still an important energy potential 

because of the residual U-235 content and the bred Pu-fissile fuel. The 

reuse of this fissile material can be considered under the following 

circumstances: 

- Because of the high plant capacities necessitating big investments and 

because o.*i the lack of large-scale technology, industrialized countries 

with small nuclear power programs will have to participate in multinational 

reprocessing facilities if they wish to benefit from the residual 

energy content of their fuel. 
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- For the commercial and peaceful application of high conversion and 

just breeder reactor systems, operating on U-Pu or Th-U233 fuels, 

reprocessing of spent fuel has to be established on an industrial scale. 

- As advanced reactor systems, that is high temperature and fast breeder 

reactors, are not likely to be considered by the countries referred 

to »iere *;ithin the next decades, recycling of fissile material in 

existing thermal nuclear power plants is realistic, 

- At present, many countries are investigating in detail long-term 

waste management strategies, that is treatment and conditioning, long-

term storage and ultimate disposal of spent fuel and fission products. 

The interim storage of spent fuel in engineered facilities is estab

lished technology,whereas its final disposal has yet to be demonstrated. 

In case of high level waste from fuel reprocessing vitrification as 

means of waste conditioning has been demonstrated and presently is 

being introduced on a large technical scale. 

Waste arising during the different steps of the nuclear fuel cycle is 

an important factor in analyzing the situation of a country's nuclear 

power program. Essentially, waste arising from fuel procurement during 

mining and extraction activities is important. Wastes from other steps 

of fuel procurement are generally treated and disposed of by the relevant 

industry. Costs of wa:;te disposal are included in prices. T.LW and MLW 
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from power plant operation and reprocessing have to be stored in spe

cially designed facilities. High level vastes from reprocessing require 

detailed analysis of storage options. Technology in this field is being 

developed and several countries with small nuclear power programs are in~ 

vestigating technologies applicable to high level waste disposal. At 

an experimental level high level waste disposal is already practized. 

Nevertheless, technology of waste treatment and disposal should be ad

vanced on a scale of international cooperation, in order to find the 

best sites and to achieve long-term public acceptance and not at least 

the smallest financial burden. 
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DEFINITION OF INDUSTRIALIZED COUNTRIES WITH LIMITED NUCLEAR 

POWER PROGRAMS 

In the context of this study industrial, countries with limited nuclear 

power programs are understood to be countries which are industrially 

prepared to meet the challenge of introduction of nuclear power and 

are able to supply a high percentage of necessary nuclear installations, 

but cannot: optimally profit during all steps of the nuclear fuel cycle 

from cost degressions resulting in the minimization of nuclear power 

generation costs. The reasons for this deviation from the economic 

optimum are economies of scale factors which strongly influence the 

nuclear fuel cycle cost structure in case of limited, that is relatively 

small nuclear power programs. 

After having defined on a purely power generation cost basis what is 

meant by industrial countries with limited nuclear power programs, it 

is essential to make a few qualitative remarks about the group of 

countries considered here with respect to following aspects: 

- Industrial Countries: 

Nuclear power plants are essentially constructed for electric power 

generation, therefore the product of per capita gross electricity 

consumption and the per capita gross domestic production is one 

possibility to classify a country's level of industrialization. Tn 

Table 1 all IAEA member states are listed according to this classifi

cation /3/, respective populations of the countries are indicated /4/. 
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Based on the figures of Table 1, each country may classify itself 

as to whether it considers itself as an industrial country. 

Limited Nuclear Programs: 

The limitation of nuclear programs in a respective country can have 

very different reasons, due to the fact that the importance of nuclear 

power for a coun'ry depends essentially on the following factors: 

domestic fuel resources (hydro, fossil, and nuclear), availability 

of technology in these countries and economies of scales considerations 

of nuclear installations, over-all economics of nuclear power, balance of 

payment considerations, public acceptance etc. For the discussion of the 

size of nuclear power programs it is important to analyze nuclear power 

programs already operating at present and nuclear power programs 

under construction and projected /5/, as listed in Table 2 according 

to the list of countries defined in Table I. 

Domestic Uranium Re-.sources: 

An important fact for analyzing the size of nuclear power programs 

in different countries is the amount of domestic uranium resources. 

In Table 2, uranium resources of the respective countries are indi

cated /6/, divided into reasonably assured and estimated additional 

resources (in 1000 tons U). 
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The time span during which a domestic nuclear power program can be 

self-sustained by domestic fuel supplies can be regarded as a 

characteristic quantity. This quantity has been estimated on the 

basis of total uranium resources and an average consumption rate 

of approx. 170 t uraniura/GWe.yr/7/. The number of years of operation 

of a domestic nuclear power program also indicates the potential of uraniura 

export or the necessity of import of uranium in order to sustain that 

domestic power program. 

Again, Table 2 is incomplete and each country may fill in the relevant 

figures. 

All this leads to the conclusion that only a detailed economies of 

scale analysis of the various steps of the nuclear fuel cycle as well 

as cost comparisons with current non-nuclear energy sources will enable 

a final judgement as to whether nuclear power generation is achieved at 

minimum costs. 
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CAPACITY FACTORS OF INSTALLATIONS FOR NUCLEAR POWER 

PRODUCTION 

In connection with the implementation of nuclear power programs the 

long-term availability of nuclear fuel and the necessary nuclear fuel 

services as well as a possible development of a domestic nuclear 

fuel industry have to be carefully evaluated. Two questions are of 

major importance: 

- Can the necessary supplies and services be secured at acceptable economic 

conditions ? 

Is it possible to avoid non-acceptable dependencies in the case of 

foreign supplies and services ? 

For the evaluation of these questions, a detailed analysis of capacity re

quirements for each step of the nuclear fuel cycle is performed in order 

to obtain the total economies of scale dependence of nuclear power genera

tion costs. 

1 Natural Uranium 

The dependency on primary energy is generally the first question when 

discussing energy policy. Countries with national resources of uranium 

are in general more interested to 
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use these energy resources. Based on the most recent joint OECD/IAEA 

/8/ report on uranium recources, production and demand of the reason

ably assured and estimated additional resources are A'290.000 t U in 

the cost range up to 50 $/lb U3O Exploration programs have been 

reported of more than 50 countries and many areas of the world are 

favourable for the occurrence of uranium. The reported resources 

of A'290.000 t U plus an additional 1*300.000 t Th are sufficient to 

cover the demand of the western world well beyond the year 2000. 

Therefore, no serious near-terra constraints regarding uranium supply 

are to be expected from the point ~I view of existence of economic 

uranium resources. 

The key questions, however, are: Will sufficient natural uranium be 

produced and made available on an operating international market at 

reasonable conditions to meet future world requirements ? When will the 

existing range of fuel utilization for electricity production of about 

0,3 to 0,5 % be increased to values of about 20 to 30 %2 

In this respect, the recent developments on the uranium market 

indicate several problems which are of great importance for 

countries with small nuclear power programs. 

- Development from a buyers market to a sellers market. 

- Uranium producing countries giving priority to their own 

long-term requirements. 

- Governments influencing prices and other terms of export. 
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- Policy regarding conversion and enrichment contracts and tails 

assay as well as policy on Pu-recycling. 

- Market interferences resulting from safeguard restrictions 

imposed unilaterally by producing countries. 

Due to these recent developments, the first step to improve 

the supply situation is the examination of the domestic uranium 

production. There are two major questions to answer: uranium 

content in domestic resources and possible capacity of uranium 

production. These two factors bear a big influence on the costs 

for domestic uranium. 

The analysis of annual maximum production rates in 1976 /8/ indicates 

production rates ranging from 2 t U/yr (Japan) to 9.800 t U/yr 

in the USA. France produced 2.063 t U/yr and Canada 4.850 t U/yr. 

The annual natural uranium demand of the equilibrium cycle for LWRs 

can be quoted as 170 kg U nat/MWe yr (plus approx. 380 kg U nat/MWe 

for first core), thus, a limited nuclear power program, for example 

5 GWe installed requires approx. 850 t/yr of natural uranium. 

The total attainable production capabilities of all countries 

considered in the OECD report are estimated to be approx. 110.000 t 

U nat/yr in the year 1990, corresponding to an installed nuclear 

power plant capacity of approx. 650 GWe. 

Fig. 3 shows the annual production of natural uranium in 1976 

and the estimates for J990. Only six countries outside countries 

with centrally planned economic:, namely the USA, Australia, South 

Africa, Canada, Niger and France, are capable of producing the ne

cessary uranium for a 10 CWo nuclear power generation capacity. 
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Therefore, as concerning the supply of uranium, many countries 

engaged in the peaceful application of nuclear energy will depend 

on an international market and the associated price levels. For 

the purpose of this study, a price level of 40 £/lb U30R has been 

chosen independent of the size of the nuclear power program since 

other factors such as ore concentration, pit or underground mining 

are economically more important than production capacities. 

The technical development of high conversion and/or fast breeder 

reactors takes place outside small industrial countries. It will depend 

both on the cost structure and the absolute costs of these reactor 

technologies whether small industrial countries with limited nuclear 

power programs will be able to make use of these advanced new reactor 

systems. 

Conversion of Uranium 

Conversion of natural uranium to UF, is a necessary step in the 

nuclear fuel cycle before the isotopic enrichment processes. 

This step of the nuclear fuel cycle is commercially less important 

as it represents only about 5 % of the total fuel cycle costs. 

At present, there is a well operating market with 5 important 

conversion plants in USA, Great Britain, and France. Conversion 

capacities are shown in Fig. 4. The 1975 total conversion capacity 

of these plants is 30,000 t u/yr showing a high degree of over

capacity. The present capacities of individual plants are 

for the biggest 12.000 t U/yr and for the others about 5.000 

t U/yr conversion capacity. The estimated capacities for 

1985 are about 10.000 t U/yr per individual plant as shown in Fig.4. 

As pointed out in 4.1, for 5 HWe about 850 t IF conversion capacity 

if necessary per year, thus the capacity required for such 
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a small quantity is by about a factor 10 less than that of future 

projected plants. 

Conversion is a chemical process not too complicated from 

a technological point of view. The economic optimum will 

be achieved at high capacities being far beyond the scope of 

nuclear power programs of small countries. Thus, from the 

economies of scale point of view international cooperation on 

a smoothly operating market will yield the optimum of this 

step of the fuel cycle. 

4.3 Enrichment 

In the past, the *JSA had a monopoly for uranium enrichment 

services for commercial use, but this situation has changed 

completely. Enrichment services are obtainable nowadays also 

from the USSR and from the first operational production incre

ments of URENCO's centrifuge enrichment plants. France has 

a large gaseous diffusion plant under construction. There 

are not only firm plans to extend the capacities of existing 

enrichment ventures but also to establish enrichment capacities 

in other countries, e.g. Japan, South Africa, Australia and Brazil. 

Thus, it can be said that the enrichment capacities exceed the 

demand and that this situation will last at least until the 

nineties. But most important is the increasing diversifica

tion of the supply sources which provide for a high degree 

of security. 
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Therefore, for a country with a limited nuclear power program the 

question of domestic enrichment capacity is - in contrast to the 

situation on the natural uranium sector - primarily an economic 

issue rather than a possibility to improve the supply situation. 

The economies of scale dependence of enrichment plants is shown 

in Fig. 5 for centrifuge techniques. Considerable increase of 

enrichment costs can be observed for installed power capacities 

less than 5 CWe. The increase of enrichment costs for gaseous 

diffusion enrichment is considerably higher for small capacities 

and thus of less importance when limited nuclear power programs 

are considered. 

According to Fig. 5 it turns out that enrichment could be practised 

with only a relatively small economic disadvantage by industrial 

countries with limited nuclear power programs. 

It should be remarked, however, that possible R & D costs have not 

been accounted for, which would of course mean an additional economic 

penalty. 

4 Fuel Fabrication 

The manufacture of fuel, assemblies is, regarding the security of 

supply, one of the least problematic Ktcps in the nuclear fuel cycle. 
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Various suppliers located in different countries are in the position 

to offer manufacture services. Each reactor supplier has available 

the technology and know-how to produce reliable fuel assemblies. 

Last not least, there are already several cases where such technology 

and know-how have been transferred to countries with embarking 

nuclear power programs. 

A country's desire to fabricate its own fuel depends on the reactor 

system chosen in this country and the willingness to accept 

economic losses due to economies of scale reasons (lower fuel 

fabrication plant capacities). 

As concerning fuel fabrication, it is necessary to distinguish 

between heavy water and light water reactors. The quantity of 

fuel needed to produce a certain amount of energy with heavy 

water reactors is 3 to 4 times higher than for light water reactors 

according to the difference of burn-up in the respective reactor systems. 

Furthermore, low burn-up technology generally requires less de

veloped technology. Natural uranium reactor systems are thus 

quite attractive for countries with small nuclear power programs 

and offer a higher degree of independence from fuel services 

especially from fuel enrichment. 
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Fuel fabrication costs /9/ as a function of fabrication 

plant capacity are shown in Fig. 6 for light water reactor fuel. 

According to Fig. 6, fuel fabrication plants with an annual capacity 

of 500 metric tons of low enriched uranium can be operated with an 

additional economic penalty of less than 50 % compared to the fuel 

fabrication costs of very large plants with about 2500 t/yr. 

However, 500 t of low enriched uranium per year is equivalent to 

about 16 to 17 GWe of installed nuclear power generation capacity, 

which definitely cannot be called a limited nuclear power program 

any more. 

For smaller reactor programs, say of about 5 MWe the fabrication 

quantity for reloads does not justify domestic fabrication at 

cost levels which are still tolerable. 

Fabrication of mixed oxide fuel for light water reactors requires 

a basic technology of uranium fuel fabrication as well as a detailed 

know-how of fabrication, safe handling and operating of plutoniutn 

fuel /10/, As fabrication of plutonium recycling fuel represents 

only a small amount of total fuel production, Pu-fuel production 

is particularly sensitive to fuel fabrication plant capacity factors. 

There arc several factors favouring high capacity plants of 

Plutonium fuel fabrication: 
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- economies of scale factors (costs) 

- safeguarding of nuclear materials 

- control and protection of plants. 

Due to the stringent requirements of plant safety and of trained 

personnel, the specific costs of Pu-fabrication are much higher 

than of uranium fuel. Furthermore, it is recommended to coloxate 

fuel reprocessing and Pu-fabrication in order to minimize transport 

hazards and proliferation. 

Despite this pronounced cost advantage of manufacturing MOX fuel in 

large capacity fabrication plants, countries with limited nuclear 

power programs should leave open recycling of spent fuel as an option 

of a long-term alternative of fuel management with the aim to 

significantly improve the efficiency of fuel utilization. The value 

of fissile plutonium in a recycle strategy depends on the fabrication 

costs for this mixed oxide fuel. Present European capacities are 

about 30 t MOX/yr, future plants associated to reprocessing plants 

have capacities of 60 to 300 t MOX/yr. 

A reference nuclear power program of limited size of 5 GWe in the 

equilibrium case of Pu-recycle requires about 35 to 50 to MOX/yr; 

for that limited nuclear power program it is evident that capacity 

requirements are lower by a factor of approximately 10 leading to 

economic disadvantages of the over all electricity cost calculations. 
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Nuclear Power Plant 

Capital investment cost considerations are of utmost importance 

for the economic evaluation and planning of nuclear power plant 

systems. 

Numerous concerns about the potential risks from nuclear power 

stations and about their environmental and social impacts have 

been raised in industrialized countries. Legal questions 

originating from these concerns were repeatedly answered 

with additional safety and environmental protection equipment. 

This development has led, together with other factors, to 

soaring nuclear power plant investment costs. The prices for 

uranium and some nuclear fuel cycle services were also in

creased dramatically. As a consequence, nuclear electricity 

costs have been rising beyond the rates of general inflation. 

However, since similar events have taken place in the field 

of fossil fuels, nuclear base load electricity has still 

kept an economic margin over fossil-fired base load electricity 

in most of the industrialized countries. 

Figure 7 shows the variation of total investment costs for 

nuclear power plants equipped with light water reactois with 

the unit size. /3/, /ll/. 

besides this inherent cost degression with increasing 

unit size, resulting in minimal capita) costr, tov plant sizes of 

about J .'200 MWc, a country's choice of the unit sizes of its nuclear 

power reactors will also depend on: 
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- possible delay until total installed nuclear power capacity is exploi

ted for most economic electricity generation (maximum full power 

hours per year), 

- ability to raise the large initial monitary investments 

necessary for a nuclear power program, 

- electrical grid stability if large units (e.g. 1O00 MWe) 

are connected to the grid, 

- specific regulatory and licencing requirements. 

4.6 Spent Fuel Storage 

During the last decade of initiating nuclear power programs, storage 

capacities for spent fuel at the reactor plant have been provided 

for several reloads. The main purpose of this interim storage 

was to let the fission products decay such that reasonably managable 

conditions for transport to the reprocessing plant were achieved. 

Due to well known reasons, the storage of nuclear fuel became an 

important technical and economical question, The techniques of 

fuel storage are principally accessible for industrial countries 

with small nuclear power programs, but for these countries it 

appears to be an important economic question of the entire irra

diated fuel management strategy whether and to what degree they 

should invest into non-productive storage facilities, 

Storage capacities for 500 t U to 3000 t U are projected in 

different countries and different spent fuel storage alternatives 

are being discussed /!?/, 
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Fig. 8 shows the spent fuel storage cost dependence upon the 

capacity of the storage facility (wet storage'). Included in the 

costs are storage plant construction costs, financing costs and 

costs of perpetual care /13/. It is important to realize that the 

costs referred to in Fig.8 result from estimates based on a typical 

storage facility design as practized in Central Europe where rather 

costly equipment (redundancies) and sophisticated safety related systems 

are required. In other countries spent fuel storage costs may lie con

siderably lower even by more than an order of magnitude. 

The decision for spent fuel storage in countries with small nuclear 

power programs will be essentially determined by: 

- the political facts and technical evolution of reprocessing 

- the choice of reactor strategies and fuel supply systems 

- acceptance of non-productive investments in order to delay 

final decisions on spent fuel and to increase flexibility in 

the management of the back end of the fuel cycle, 

4.7 Reprocessing 

The present situation in the field of reprocessing is characterized 

as follows: 

There is a shortage of reprocessing capacity for LWR fuel. 

The fact that in France and Great Britain up to now approx. 

30.000 t U in form of GGR fuel have been successfully reprocessed 

indicates that the present reprocessing shortage of LW'{ fuel 

is primarily an economic-political rather than a Lechnical problem. 



4 

The US ban on reprocessing of spent LWR fuel and 

recycling of recovered uranium and plutonium in order 

to better assure non-proliferation of potential nuclear 

weapons material resulted in an on-going international 

discussion of these subjects. 

Table 4 shows the present and projected reprocessing capabilities 

outside countries with centrally planned economies /14/. 

Many countries see themselves not in a position to join this 

new US policy because they are in a different situation and 

they may have the opinion that preventing other countries 

from using certain areas of technology is not an effective 

tool to solve political problems. 

The decision as to whether a country with a limited nuclear 

power program will go along with the US reprocessing 

philosophy is as stated before an entirely political one, 

although it should be kept in mind that reprocessing yes 

or no will determine the whole waste management strategy as 

well as the technical realization of the ultimate waste re

pository. 
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Based on the economies of scale effects of unit costs of re

processing /15/ as shown in Figure 9, it becomes evident that 

the reprocessing plant capacity should be 1000 t of spent 

fuel/year or greater in order to make the reprocessing costs rather 

insensitive to plant size. This capacity of course corresponds to 

an installed nuclear power capacity of about 30.000 MWe. 

Thus, it seems obvious that only countries with large nuclear 

power programs will attempt to establish own reprocessing 

capabilities at minimum costs. 

4.8 Radioactive Waste Treatment and Disposal 

The management of radioactive wastes from nuclear power programs 

depends very strongly on the overall fuel management decisions 

on the back-end of the nuclear fuel cycle. Reactor plant operation 

waste can be stored for several years at the plant site and finally 

disposed of at a suitable repository in geological formations. 

The technology of low and medium level waste management is generally 

available in industrialized countries and the necessary installations 

can be constructed in the type of countries considered. As con

cerning the waste disposal of low and medium level waste, the technical 

decision whether to realize for example surface storage or geological 

disposal is quite important as the disposal costs will strongly depend 

on the disposal method and on the capacity of the disposal faciliLy, 
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Haste management associated with reprocessing is based on a high 

technological standard which at present is only available in a few 

countries. The procedure of vitrification of high level waste 

is only available in countries with reprocessing capacities, 

therefore even on a long-term scale the know-how of these techniques 

will be reserved to these countries. It is very important to note 

that the specifications and techniques developed by these countries 

for the reprocessing and for the waste itself will be of major importance 

for the technical design of future storage and disposal facilities. 

In order to achieve low costs for these steps of the back-end of the 

fuel cycle standardization and large-size plants are necessary. 

At present, the situation on the high level waste management sector 

is characterized by the fact that each country is required to take 

back all radioactive wastes generated by reprocessing of its spent 

fuel. This essentially political requirement has a marked influence 

on the whole waste management strategy of industrialized countries 

with limited nuclear power programs because of the following reasons: 

- At present, specifications and techniques of waste management are 

in permanent evolution, no definite standard technique is available. 
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- Waste specifications are defined by the countries with reprocessing 

capabilities. As small industrialized countries are required to 

take back their respective wastes from fuel reprocessing they will 

have to design their national waste repositories compatible to the 

given specifications. However, so far countries which offer 

reprocessing contracts have not undertaken to define unique 

specifications for the high level waste. 

- At present existing disposal concepts can be realized reasonably 

cheaply only for big nuclear power programs, because of the high 

initial investments for site prospection and development and con

struction of such disposal plants. 

In Fig. 10 a function of waste management costs associated with 

reprocessing is presented /16/, It can be seen that the costs of 

this section of nuclear fuel management follows similar economi.es 

of scale trend; as those of reprocessing. Specific waste management 

costs of for instance a 5 GWe installed nuclear power generation 

capacity (including waste treatment and conditioning) are three to 

four times that of waste management costs for facilities capable of 

handling wastes from nuclear power programs of 70 to 80 GWe. 

http://economi.es
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Heavy Water 

Countries persuing nuclear power programs based on heavy water reactors 

must secure the availability of heavy water. 

Heavy water, the essential constituent in heavy water reactors, is very expensive 

and must be conserved. Heavy water is not consumed, but it can be lost, or it can 

be downgraded by mixing with natural water. If downgraded, it must be upgraded 

to restore its isotopic purity to the range of 99,7 to 99,8 mass per cent. The 

heavy water data cited here are essentially taken from the CANDU-PHW program. 

Very roughly, the quantity of heavy water needed is 1 t/MW of new electrical 

capacity. 

At present, the heavy water production capacity is 150 kg/h with additional 

planned capacity of 450 kg/h. Assuming net capacity factors of 70 to 80 Z 

(which corresponds to actual experience), the present annual heavy water output 

is 900 to 1000 tons/yr (Bruce HWP-A : ^600 t/yr; Port Hawkesbury HWP:-'300 t/yr). 

Information on economies of scale dependent cost degression of heavy water 

production is not available. However, it seems plausible that an industria

lized country with a limited nuclear power program could build and operate 

a heavy water plant of similar size as the Canadian plants with approximately 

similar economic conditions. 

i 
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5. EVALUATION CRITERIA FOR INDUSTRIAL COUNTRIES WITH LIMITED 

NUCLEAR POWER PROGRAMS 

In the previous chapter, the economies of scale depencencies (capacity 

factors) have been analyzed for each step of the nuclear fuel cycle. 

The total LWR fuel cycle costs (only they have been considered) as a 

function of the capacity of nuclear installations are simply the sum 

of all individual contributions. This functional dependence of the nuclear 

fuel cycle costs upon the capacity of installations is shown in Fig. 11. 

Fig. 11 permits estimates of nuclear fuel cycle cost penalties for 

limited nuclear power programs. As an example, the nuclear fuel cycle 

costs for a 5 GWe domestic nuclear power program provided all nuclear 

installations to support this nuclear power program are available within 

the country, can be estimated to be about 50 % higher than those for a 

large nuclear power program of about 50 GWe. 

In a next step, the economies of scale dependent nuclear fuel cycle costs 

rt»:e combined with the economies of scale dependent capital and operation 

costs of a nuclear power program to give the total power generating costs 

as a function of installed nuclear power capacity. This is shown in Fig. 12 and 

Fig. 13. As many industrial countries are characterized by a high 

electricity consumption, in Fig. 12 a reference plant of 1200 MWe (constant 

power plant size) has been chosen as the standard plant of the nuclear 

power generation system /17/. For a reference generation capacity of 

5 GWe, the total power generation costs are approx. 18 7, (24 % if spent fuel 

storage is also included) higher than fhe asymptotic value for large nuclear 

power programs of npprox. 50 GWe. 
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It is important to compare these values with other available energy 

production possibilities, as for example coal. Generally, nuclear 

power generation shows an economic advantage at the beginning of plant 

operation which increases further with lifetime due to different 

cost structures. In Fig. 12 this economic difference is indicated for three" 

different relative cost increases above the asymtotic value namely 10 Z, 20 X 

and 30 %. It is important to note that an economic advantage of 20 Z when 

equating this to 7 mills/kWh represents for a 5 GWe nuclear power capacity a 

sum of 220 Mio $/yr (assuming a load factor of 0,7) which could be invested 

in different steps of the nuclear fuel cycle. 

In addition, it has been attempted to vary the nuclear power plant size 

for small and limited nuclear power programs. This is illustrated in 

Fig. 13. The following nuclear power plant capacity relations have been 

used: 

Installed nuclear Nuclear power 

power capacity plant size 

0 - 5 GWe 600 MWe 

5 - 10 CWe 900 MWe 

1 0 - 1 5 GWe 1200 MWe 

The economies of scale dependence of the nuclear fuel cycle costs has 

been left unchanged. Obviously, the capacity dependence of nuclear power 

penerating costs increases, as can be seen in Fig. 13 - for 5 GWr to 

about 26 7. (32 % if spent fuel storage is also included) compared to 

18 Z (24 Z if spent fuel storage in also included) «is given in Fig. iZ. 
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Cost increases between 20 Z and 30 Z over the asymptotic value result 

for nuclear power programs in the range of 3 GW'e to 6 die, provided all 

fuel cycle installations are domestically available. In the case of 

constant power plant sizes of 1200 K"«» as shown in Fig. 12, the equivalent 

range of nuclear power programs would lie below 3 CWe. 

Asstnaing that 20 Z to 30 Z additional costs of power generation are 

acceptable for industrial countries, limited nuclear power prograras can 

be defined as ranging up to 6 CWe as indicated in Fig. 13. If in addition 

also spent fuel storage costs have to be included as shown in Fig. 13 the in 

crease of the total electricity generating costs will be about 10 Z for 

1 CWe installed and will drop to about 6 Z for 5 CWe installed and will 

remain more or less unchanged even for large nuclear power programs 

(50 GWc). 
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CONCLUSIONS 

For industrialized countries with limited nuclear power programs the 

following conclusions can be drawn: 

- Preferred is the use of proven types of reactors and fuel systems. The 

reason for this is less a technical but mostly a financial one. 

- High percentage of domestic supply (software and hardware) for all 

installations is possible and already practized. 

- As significant potential for research and development in the field of 

nuclear technology exists, each step cf the nuclear fuel cycle may 

in principle be realized in a rather short time period. 

- If resources of nuclear fuel (U, Th) are domestically available, these 

countries are independent of the supply situation on the uranium and 

thorium market. 

- Generally, these countries can profit from the cost decrease of 

large size nuclear power plants. Economically attractive total 

generating costs of electricity production will result especially 

if low fuel cycle costs-approaching the minimum value - can be 

achieved. 

- Additional storage costs of irradiated fuel before reprocessing will 

increase the total electricity generating costs as much as 6 % 

(installed nuclear power capacity >5 GWe) to 10 % (installed nuclear 

power capacity about 1 GWe). 
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- The evaluation of dependencies on fuel supply for these countries 

should be performed with respect to domestic resources, capacity 

factors of different steps of the fuel cycle and technological 

availability. Furthermore, the decisions of invsstments into the 

different steps of the fuel cycle depend on economic comparisons 

with other power generation alternatives. 

- Small nuclear power programs (up to the range of 3 to 6 GWe) can only 

profit from the economic advantage of nuclear power and the associated 

fuel cycles if either a solid and reliable cooperation with a partner 

(or partners) having a large nuclear power program with all the 

necessary nuclear installations can be achieved or on the basis of a 

well organized international cooperation. In addition to the economic 

advantage, both models, partnership and/or international cooperation, 

are advantageous for safeguarding of nuclear materials and for the 

wide spread, peaceful use of nuclear technology. 

- The concentration of the nuclear fuel cycle activities (and thus 

of potential weapons material) in some few facilities is generally 

considered to be the best approach to non proliferation. For industrial 

countries with limited nuclear power programs such a concentration is 

wanted but necessitates a close, reliable and well working international 

cooperation which ought to be stimulated and supported by all parties 

involved, especially by the countries with large nuclear power 

programs. 
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FIGURE CAPTIONS 

Fig. 1 Fuel utilization for electricity production by nuclear power plants 

Fig. 2 Availability of technology in industrialized countries with limited 

nuclear power programs 

Fig. 3 Annual production of natural uranium in 1976 and 1990 (estimated) 

Fig. 4 Annual conversion capacities in 1975 and 1985 (estimated) 

Fig. 5 Economies of scale dependence of enrichment (centrifuge) 

Fig. 6 Economies of scale dependence of fuel fabrication 

Fig. 7 Capital investment costs vs. plant size 

Fig. 8 Spent fuel storage costs vs. fuel storage facility (wet) size 

Fig. 9 Economies of scale dependence of unit costs of reprocessing 

Fig. 10 Economies of scale dependence of waste management (conditioning 

and disposal) 

Fig. 11 Economies of scale dependence of nuclear fuel cycle costs in case 

of spent fuel reprocessing 
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Fig. 12 Nuclear power generating costs as a function of capacity of in

stallations (constant power plant size ) 

Fig. 13 Nuclear power generating costs as a function of capacity of in

stallations (variable power plant sizes) 
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TABLE CAPTIONS 

Table 1: Specific data of IAEA member countries 

Table 2: Nuclear power projects, uranium resources 

Table 3: Present and projected enrichment capacities in 1000 t SWU 

Table A: Present and nrojected reprocessing capacities 
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b 1 Specific data of IAEA member countries XVII 

Country Population Annual per capita 

lo6 
electricity .« 
consumption 
(kWIiAi) 

AFGHANISTAN 19,3 
ALBANIA 2,5 
ALGERIA 
ARGENTINA 
AUSTRALIA 

16,8 
25,4 
13,5 

75o 
3.5oo 

AUSTRIA 7,5 
BANGLADESH 
BELGIUM 

75,o 
9,8 2.9oo 

BOLIVIA 
BRAZIL 

5,6 
lo7,I 42o 

BULGARIA 
BURMA 

8,7 
31,2 

BYELORUSSIAN SOVIET 
SOCIALIST REPUBLIC 

CANADA 
CHILE 

9,3 
22,8 
Io,3 

8.5oo 

COLOMBIA 24,7 
COSTA RICA 2,o 
CUBA 9,1 
CYPRUS o,6 
CZECHOSLOVAKIA 14,6 
DEMOCRATIC KAMPUCHEA 
DEMOCRATIC PEOPLE»S 
REPUBLIC OF KOREA 15,9 

DENMARK 5,1 2.5oo 
DOMINICAN REPUBLIC 4,7 
ECUADOR 
EGYPT 

6,5 
37,2 

EL SALVADOR 
ETHIOPIA 
FINLAND 
FRANCE 

4,1 
28, o 
4,7 

52,7 
3.9oo 
2.4oo 

GABON o,5 
GERMAN 
DEMOCRATIC REPUBLIC 16,9 

GERMANY 
3.6oo FEDERAL REPUBLIC OF 

GHANA 
61,8 
9,8 

3.6oo 

GREECE 9,1 
GUATEMALA 5,7 

Annual per capita Classi.ficath>< 
jjrosK domestic ,. ten:" 
production /'Si'"' 
<tf/a) *" a" 

tf lo") 

95o 
2.5oo 

2.4oo 

32o 

3.5oo 

2.9oo 

3.ooo 
2.9oo 

2.5oo 

o,7 
8,7 

7,o 

o,I3 

29,8 

7,3 

7,8 
7,3 

9,o 

1) 
from IAEA Technical Report Series No. 164, 
"Steps to Nuclear Power", a Guidebook 

http://Classi.fi
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I 

T a b l e J (i; on r i imccH : Specific data of IAEA member countries 

Country Population Annual pr-r < •npita Annual per cap ita CI a ssificatio 

»o6 
electric! t:y 
consumption 
(kWh/a) 

I) 
gross domestic 
production 
<*/a) 

1) 
lor l!l 

. ~ - ,0 ) 

HAITI 4,6 

HOLY SEE 
HUNGARY 
ICELAND 
INDIA 

o,ool 
Io,5 
o,2 

598,1 

I.600 
3.7oo 

1. loo 
2.000 

1,8 
7,4 

INDONESIA 
IRAN 

!36,o 
33,o 2 00 35o o,o7 

IRAQ 
IRELAND 
ISRAEL 
ITALY 

11,1 
3,1 
3,4 

55,8 

I.800 

2.ooo 
2. loo 

1.2oo 
I.800 
1.7oo 

2,2 
3,6 
3,6 

IVORY COAST 4,9 
JAMAICA 
JAPAN 

2,o 
lll.o 2.7oo I.800 5,o 

JORDAN 
KENYA 

2,7 
13,4 

KOREA, REPUBLIC OF 34,7 

KUWEIT l,o 
LEBANON 2,9 
LIBERIA 1,7 
LIBYAN ARAB ,̂ 

JAMAHIRIYA 2,4 
LIECHTENSTEIN o,o3 

LUXEMBOURG o,4 
MADAGASCAR 7.4 
MALAYSIA 
MALI ' 

11,9 
5,7 

MAURITIUS 
MEXICO 

0,8 

6o,l 5oo 600 o,3 

MONACO o,o3 

MONGOLIA 
MOROCCO 
NETHERLANDS 
NEW ZEALAND 

J .5 
17,5 
13,7 
3,1 

2.7oo 
4.5oo 

t 

2.2oo 
2.000 

6,0 
9,o 

NICARAGUA 2,2 
NIGER 
NIGERIA 
NORWAY 
PAKISTAN 

4,6 
62,9 
4,o 

7o,3 

3.5oo 
55 

2.6oo 
15o 

9,o 
o,ol 

PANAMA ',7 
PARAGUAY 2,7 

1) 
from IAEA Toclmir.nl Report Scries No. 164, 
"Steps to Nuclear Power", a Guidebook 

http://Toclmir.nl
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T a li 1 c 1 (cent .iirued) Specific data of IAEA member countries 

Country Populat ion AIUHK.1 per c; ipit . i Annual per cnpitci C l a s s i f i e d i <> 

lo 
e l e c t r i c i t y 
conr.uunt ion 
(ki.li/.-0 

1) 
gross domestic . , 
produHl ion 
C*/a) 

term 
,kwh . $ , 6. 1) 

gross domestic . , 
produHl ion 
C*/a) 

PERU 
PHILIPPINES 

15,8 
4 1 , 8 2oo 35o o ,o7 

POLAND 34 , o 
PORTUGAL 8 , 8 
QATAR 
ROMANIA 

o , o 9 
2 1 , 2 

SAUDI ARABIA 8 ,7 
SENEGAL 4,1 
SIERRA LEONE 3 , o 
SINGAPORE 2 , 2 
SOCIALIST REPUBLIC OF 

VIET MAM 
SOUTH AFRICA 
SPAIN 

4 3 , 4 
25 ,5 
35 ,5 

2 .ooo 
1 .4oo 

8oo 
85o 

1,6 

1,2 
SRI LANKA 14,o 
SUDAN 
SWEDEN 
SWITZERLAND 

17,8 
8,1 
6 ,4 

7.8oo 
4 . loo 

3.7oo 
3 . ooo 

28,9 
12,3 

SYRIAN ARAB REBULIC 7,4 
THAILAND 4 2 , 3 
TUNISIA 5 , 8 
TURKEY 4 o , l -
UGANDA 11,6 
UKRAINIAN SOVIET 

SOCIALIST REPUBLIC 4 8 , 8 
UNION OF SOVIET ' 

SOCIALIST REPUBLICS 196,2 
UNITED ARAB EMIRATES o ,7 
UNITED KINGDOM OF 

GREAT BRITAIN AND 
NORTHERN IRELAND 6 o , o 4 . loo 2 . ooo 8 , 2 

UNITED REPUBLIC OF 
CAMEROON 6,4 

UNITED REPUBLIC OF 
TANZANIA 15,2 

UNITED STATES OF 
AMERICA 211,4 7 . 0 0 0 4 .5oo 31,5 

URUGUAY 
VENEZUELA 
YUGOSLAVIA 

2 ,8 
12,o 
2 1 , 3 

1.2oo 
1 .ooo 

9oo 
65o 

1,1 
o , 7 

ZAIRE 24 ,9 
ZAMBIA 4 ,6 

1) 
from IAEA Tcchiiic.il Report Series No. If)4, 

"Steps to Nuclear Power, a Guidebook 

http://ki.li/.-0
http://Tcchiiic.il


AA 

T a b ) , e 2 Nuclear power projects, uranium resources 

Country Actual and projected 
nuclear power plant . 

_cp.|'ac_i_t_i>s_ (CVv)_ ' 

total oper
ating 

under 
constr. 
and 
planned 

Uranium resource::. Years of 
(looo t U) _. 

(up to 13o Ji/kj; U) ' 

reason- csti- total 
ably mated 

operation (looo t U) _. 
(up to 13o Ji/kj; U) ' 

reason- csti- total 
ably mated 

,based on 
domestic 
resources 

assured addi
tional 

0 , 3 

ALhAI'i 1. A 
ALGERIA 
AKCLNTIKA 
AUSTRALIA 
AUSTRIA 
BANGLADESH 
BELGIUM 
-BOLIVIA 
BR-V/IL 
BULGARIA 
BURMA 
BYELORUSSIAN' SOVIET 

SOCIALIST REPUBLIC 
CAN/.PA 3 » 8 

CHILE 
COLO;-:3IA 

COSTA RICA 
CUBA 
CYPRUS 
CZECHOSLOVAKIA °»' 
DEMOCRATIC KA:-:PUC:.:EA 
DEMOCRATIC-PEOPLE'S 
REPIIRLJC or KORFA 

DEK^ARK 
D0M1KICA" REPUBLIC 
ECUADOR 
EGYPT 
EL SALVADOR 
ETHIOPIA 
FINLAND 
FRANCE 
GARON 
GEKi'iAN 

DEMOCRATIC PLPWLI.JC 
GERMANY 
FEDERAL KEPlUiLIC 6,9 

GIIAMA 
GKKKCK 
CUA'il'.MAI.A 

2,7 

»,2 

4,6 

3o,6 

1,5 

7,7 11,5 

A,7 

37,5 

41,8 
296 

182 

5,8 

2,o 

o 
49 

3,2 3,2 3,2 0 

28,8 31,3 51,8 44,1 

41,8 
354 

656 838 

8,7 14,5 

95,9 

165 

433 

6 
18 

I) 

2) 

from "Power Ri-nctors in Member States", 1977 Edition, IAEA 1977 

from IAEA-Bulletin, Vol. 2o, No. J, February 1978 



XXI 

T a b J i: 2 (coiii iitti'-il) : N u c l e a r power p r o j e c t s , uranium r e s o u r c e s 

Count»> / u ' l tKil ; i ' ia I'l'OJiTI:c:«! 

nuc 1 oilr J-OV.'LV pl;n»l. 
c . ' ipncil i iT- (GV.V) I ) 

lir.iui.tim i f s o u r c t - s 
( l o o o M l ) 

o p e r - unde r t o t a l 
a t in;*, c o n s L r . 

and 
l i l a n n . d 

r e a s o n - e s t i . -
a b l y matod 
j:.'i:.l!''t'(l .'ifKli" 

Liona'J. 

t o t a l 

Y r a r s oJ 
opt-i iit ion 
ba;;cd on 
dui:»c;f.t.vc 
vor. tnir':<">'• 

o,5 

7,6 

HAITI 
HOLY Sr'.F. 
UUNCAUY 
ICELAND 
1KD1A °»6 

•1KD0:,'KF;JA 

IKAN 
IRAQ 

fc JKCLAND 
ISRAIIL 
ITALY 
IVOIIY COAST 
JAMAICA 
JAVA.; 
JOKDA:; 
KENYA 
K O R K A , i-::ni;,Lic or 
KUWEIT 

LILKP.IA 
LIKYAN Al-A-i 

JAI-:A!HiV£VA 
Li'-oini::;s:ii:).H 
J,UXEMJ>OUilG 

' MADAGASCAR ., 
liA^AYHA '" 

» MAU : 
llMJUllIL'S 
MEXICO 
MONACO 
MONGOLIA 
MOROCCO 
NJSTHEULAKDS °»5 

HJiW 7.r,Ai,A:;f) 
NICARAGUA 
NICER 
NICE!: I A 
KOKWAY 
PAKISTAN °»J 

TAKAMA 
PARAGUAY 

1,6 

1.1 

4,2 

1,6 
4,7 

1.3 

1,6 

1,7 

A,2 

1,6 
5,2 

13,1 2o,7 

1.3 

o,5 

0,1 

29,8 

1.2 

7,7 

4,7 

23,7 53,5 

l,o 2,2 

7,7 

2,4 7,1 

187 

2,5 

32 

'' from "j'owcr Kuacrors in Member State*", 1977 Edition, IAEA 1977 

2) 
from IAEA-Bulletin, Vol. 2t>, No. I, Erbrnury 1978 

http://lir.iui.tim


T ;i i) J c 2 (cont-j.iii!. d) : Nuclear power projects, uranium resources 

Count ry Acrt.u .1) ;IIKI j>ro j i r t <<r] •'Urn in ft:: :;». rivrtusrce:; Year;: f,I 
u n c i c;ir |>ovi:r i>l.-s;ir 

(up 
( l « w t U) ? . 

> t o \:io $fv.» i ') 
upo) .'it if.i"* 
ba sed on 

Op''l— untlfrr t o t a l r ear. on i - c s t i - t o t a l . dowr.MJc 

Ht.inf', cons t r . a b l y Ma t ed rc r .oorcc j ; 

pl.MincJ 
i'r.y.iiic •d 

l . i ona l 

rF.RU 
l'lIIl.iJTJKKS 
POI.AKi> 
PORTUGAL 
n.VlV.R 
RO:L\;MA 
SAUDI ARABIA 

o , 6 o , 6 o , 3 o o , 3 3 

> 
SOLGAL 

> SIKK-IA LI-:O;:S 
SIKGAVOKi: 
SOCIALIST Rr.nmi.ic OF 

V1LT I-AH 
SOI'-;!! AKKXCA 1,9 1,9 348 72 42o 1315 
SPAIN 1,1 
SKI LAKiLA 
SUDAN 

14,9 15,1 6 , 8 8 ,5 15 ,3 6 

» 

swttv,-.:; 3,2 
SWITZERLAND 1 ,0 

SYKIAA A:-:AK NL-JULIC 

THAILAND 

TUNISIA 
TUKia:Y 
UGANDA 
UKKA3KIAM SOVIET 

SOOALJST Ur.?L:?,LIC 
UNIO. ; OF F.OYILT 

SOCIALIST RLMMiliLICS 
UNITLD A RAD EM3KAIi;S 
UNriT.b KAlHiDO:: OF 

GRKAT BRJ.'iVJ.!.' A?;J) 

6 , 3 9 , 5 
3 ,9 4 , 9 

3ol 3 3o4 19o 

NO;;TI;I:!;K IKLLAU") 6,9 

uw:m?,!> RL^UM/JC OF 
CAKF.ROO:,' 

DNJ.'J 1.1) RF.l'UWJ.C OF 
TAW'/.AN J A 

UKJ.Tl-:i) Ji'J'ATJiS OF 

5 , o 11,9 0 7 7 4 

AMCHJCA 4 2 , 9 
URUGUAY 
VI;KI;/,U''LA 

171,7 2o3 ,6 643 ] lo53 1696 48 

YUGOSLAVIA 
ZAJKK 
/.AMIWA 

o ,6 o ,6 6 ,5 2 o , 5 2 7 , o 267 

I) 
from "rownr Kc.icl.orr. in Member States", 1977 Edition, IALA 1977 

2) 
from JAF.A-T.ul.lctiu, Vol. ?.o, No. 1, February I97R 

http://rF.RU
http://Kc.icl.orr


Table 3: Present and projected enrichment capacities in 1000 t SWU, Not included are countries 

with centrally planned economies. 

i . — 1 

Country j Technique 1978 1980 

-J 

1985 

USA . diffusion 

centrifuge 

20,6 24,9 27,7 - 36,7 

1,6 - 3,0 

Europa diffusion 

centrifuge 

0,3 

0,5 

3,0 

1,0 

10,8 - 15,8 

3,5 - 7,5 

Japan/Aus tralia centrifuge < 0,01 0,1 0,1 - 1,0 

Brasil nozzle 0,2 - 2,5 

South Africa Helikon < 0,01 < 0,01 0,01 - 5,0 

Total 21,4 29,0 43,9 -71,5 



Table A: Presenc and projected reprocessing capacities. Not included are countries with centrally 

planned economics. 

Country Plant Location Owner Capacity Opfcra-
tional 
date 

Remarks 

USA NFS West Valley 
NY 

Getty Oil 
Skelly Oil 

300 t/yr (U0„) 
2 

1966 Extensions to 750 c/'y'r planned 
for 1979./80 operation 

KFSP Morris, III. General Electric 300 t/yr (U02) - Not operating 

AGNS Barnwell SC Allied Chemical 
Co 
General Atomic 
Co 

1500 t/yr(U02) 1976 A further expansion of 1500 t/yr by 
1983 is under consideration 

U.K. Windscale BNFL 2000-2500 tU/yr 
(inc.400 t/yr 
oxide) 

1964 Head-end treatment plant operational 
again in 1976/77.Extension proposed 
early 1980s. 

France U02 La Hague 

Marcoule 

CEA 

CEA 

800 T/yr (metal 
fuel) 
900-1200 t/yr 
(metal fuel) 

1966 

1958 

Being replaced by oxide capacity 
of 400-800 t/y'r. 

U?3-A 
UP3-3 

La Hague 
La Hague 

CEA 
CEA 

800 t/yr (oxide) 
800 t/yr (oxide) 

1984/35 
1934/85 

Germany WAK Karlsruhe GFK 40 t/yr (HO,) 1970 A large new oxide plant is planned 
for early 1980s. 

DWK Gorleben German Utilities 1400 t/yr(oxide) 1987 

Belgium Eurocheque Mol OECO 200-300 kg/d 
(U0,) 

1966 Shut down 

Italy Eurex I 

Itrec 

Saluggia 

Trisia 

CNEN 

CNEN 

50-100 kfi/d 

15-30 kg/d 
<Tb.U)02 

1969 

1975 

Plant currently shut down for 
modifications 
Plant completed but not operated 

Japan, Tokai Mura Japan Govt. 210 t/yr(U02) 1975 

India Trosibay IAEC 250 kK/d 1965 
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DATA TO BE INCLUDED IN THE 

/ DOCUMENT CO-CHAIRMEN/WG.3/36 REV. 1 

AND RELATED TO PORTUGAL 

Table 1: Spec i f i c data of IAEA • amber countries (page XIX) 

Country Papulation 
ID6 

Annual per capita 
electricity 
consumption 
OdeVa) 

Annual par capita 
gtuss dcnestic 
production 
«/a) 

Classification 
tarai 

» . i io6 

a a 
> 

• • • 

PORTUGAL*1' 9.7 1 ISO 1 300 1.5 
• • • -

Table 2: 

Country 

PORTUGAL (1) 

Nuclear power p r o j e c t s , uranium resources (page XXII) 

Actual and projected 
nuclear power plant 
capacities (GHe) 

Uranium resources 
(1030 t U) 

(up t o 130 %/kg U) 

ating 
under 
constr. 
and 
planned 

total 
ably 

esti- total 
mated 
addi
tional 

Years of 
operation 
based on 
domestic 
resources 

8,3 0,8 9,1 

(1) Data refered to the year of 1977 


