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At the end of 1989, Poland decided to interrupt the construction of its first nuclear power plant at Zarnowiec. This picture shows the 

reactor building of Units 1 and 2 



OPPORTUNITIES AND CHALLENGES OF NUCLEAR 
ENERGY IN CENTRAL AND EASTERN EUROPE* 
J. de la Ferté 

ENERGY AND ENVIRONMENTAL 
CHALLENGES 

I f the countries of Central and Eastern 
Europe are to set their transition to 
market-oriented economies firmly in 

motion, they will have to ensure that energy -
and electricity in particular - is available under 
acceptable economic and environmental 
conditions . So , the authorities have little 
choice but to turn their efforts towards both 
energy conservation and diversification. In this 
context , nudear energy appears as a serious 
option, but man y problems inherited from the 
past need first to be addressed. 

It may be useful to recall the new situation of 
the Eastern part of Germany - the former 
German Democratic Republic. While, from an 
energy/ environment point of view, it is 
comparable to that of the other countries in 
this area, decisions regarding these matters are 
the responsibility of the Bonn Government 
since the unification of Germany. 

The alarming degradation of the environment 
in Central and Eastern Europe can largely be 
blamed on the burning of low-quality brown 
coal (lignite) in often obsolete thermal plants, 
releasing large quantities of COz and SOz into 
the atmosphere . A broad restructuring of the 
coal industry is already under way in most of 
these countries , with the aim of achieving cost 
effe cti veness and acceptable environmental 
standards. 

Sorne coal mines in Hungary are being closed, 
subsidies cancelled, and prices raised. In the 
eastern part of Germany, lignite production 
(300 million tons per year) is slated to be 
halved by the turn of the century. Coal 
production in Czechoslovakia, which last year 
met 68 per cent of total electricity 
consumption, will be reduced by 40 per cent, 
and lignite in particular by 30 per cent. In 

* With respect to the Soviet Union, see the following 
article Nuclear energy in the Soviet Union, by Mf. G. 
Stevens and Mr. M. Yasui. 

MR. JA CQ UE S DE LA FERTE IS HEAD OF EXTERNAL 
RELA TIONS AND PUBLIC AFF AIRS A T THE NEA. 

Poland, where domestic co al provides 90 per 
cent of electricity, steps have been taken to fit 
coal plants with anti-pollution devices and to 
develop new burning technology, and brown 
coal strip mining may be abandoned 
altogether. 

The deficit in energy supply resulting from 
this reappraisal of the role of coal is 
compounded by the change in the export 
policy in the USSR, which had been 
practically the sole oil and gas supplier of its 
European satellites for several decades. This 
will result in a strong reduction in the 
quantities of Soviet oil and gas made available 
by the USSR to these countries, higher prices 
now closely following worldwide trends and 
payments that will have to be made in hard 
currencies. 

The success of diversification efforts in oil and 
gas suppl y in these countries is conditioned 
not only by the outcome of their commercial 
negotiations with the Soviet Union and other 
suppliers in Europe , North Africa or the 
Middle East , but also by their potential to 
increase the capacity and scope of their pipe
line grid. 

Energy conservation remains , of course, an 
area with a considerable potential for 
improvement. In spite of the official 
programme launched in this field by the 
association of Eastern European countries, 
COMECON, six years ago, energy efficiency is 
low: two to three times more energy than in 
the West is used to produce goods of 
comparable value. 

Against this background, what are the 
prospects for nuclear power to contribute to a 
restoration of the energy situation in this part 
of Europe? 

WHERE DO WE STAND NOW? 

Since the late seventies, the development of 
nudear energy programmes in COMECON 
countries was strongly supported by the USSR. 
A major motivation for the latter was no doubt 
to encourage energy self-sufficiency in its 
satellite countries, and thus be able to direct a 

·3· 

NEA NEWSLETTER 
SPRING 1991 



NUCLEAR ENERGY IN CENTRAL AND EASTERN EUROPE 

·4· 

NEA NEWSLETTER 
SPRfNG 1991 

larger share of its own oil exports to other 
customer countries capable of offering hard 
currency in payment. A special feature of this 
development was that the US SR imposed its 
own nuclear reactor designs and kept full 
control of the nuclear fuel cycle. Thus, except 
for Romania, which opted for the Canadian 
reactor design CANDU operating with natural 
uranium and heavy water as moderator, aIl 
others were equipped with Soviet VVER 
pressurized light-water-cooled designs of 440 
or 1 000 megawatts. Table 1 shows the extent 
of nuclear power programmes in this area, at 
the end of 1985, shortly before the accident at 
the Chernobyl nuclear reactor in April 1986. 

Clearly, this accident induced mounting 
opposition to nuclear energy in public 
opinion, and cast serious doubts on the 
adequacy of the safety levels adopted for the 
reactors operating in this area, sorne of which 
appeared to be below western standards , with 
accident probability several orders of 
magnitude higher. In addition, the political 
and social events of 1989-90 in these countries 
generated official expressions of distrust of the 
Soviet nuclear technology. These factors have 
severely affected the prospects for nuclear 
development in these countries and elsewhere 
in the world. Of course each country is in a 
different situation, and the share of nuclear 
energy in national electricity production varies 
widely: there is none for the lime being in 
Romania and Poland, but there is a large 
reliance on nuclear power in the other 

countries: 49.8 per cent in Hungary, 32.9 per 
cent in Bulgaria , 27 .6 per ce nt in 
Czechoslovakia. 

Today* , three 440 MW VVER plants operating 
at Greifswald in the State of Mec kl enburg
Vorpommern in the form er GDR have been 
stopped because they did not meet German 
reactor safety standards. Three other units 
un der construction on this site will probably 
require major requalification and large 
investments , and their future is uncertain. Two 
1 000 MW VVER units on the site of Stendal in 
the State of Saxony-Anhalt on the Elbe river 
are under construction, but their future also 
seems uncertain . In the unifi ed Germany, a 
progressive integration of the electricity gri d 
can be expected , and in th e meantim e 
electricity from the western part of Germany 
(including of nuclear origin) will be fed into 
the grid formerly connected to Greifswald. 

Four 440 MW VVER plants op erate at 
Kozloduy in Bulgaria , two of whi ch are 
aire ad y fifteen years old. One 1 000 MW VVER 
plant started operation in mid-1989, but has 
encountered many turbine problems. Another 

* Since this article was written at the end of 1990, an 
interministerial committee , which incl ud ed rep re
sentatives from the Ministries of Economics , Finance, 
Environment as weil as Research and Technology , 
rec omm end ed at th e end of Febru ary 199 1 th e 
decommissioning of ail op erating VVER-440 s al 
Greifswald , and that construction of ail VVE Rs at 
Greifswald and Stendal be terminat ed. (So urce: 
Nucleonics Week, Vo1. 32, No.9) 

Table 1: Status of nuclear power plants in Central and Eastern Europe at the end of 1985 

Net capacity No. of Capacity under No. of Additional No. of 
in operation units construction units planned units 

(MWe)* (MWe) * capacity 

Bulgaria 1632 4 1906 2 1906 2 

Czechoslov. 1980 5 6284 11 -

GDR 1694 5 3 432 6 - -

Hungary 825 2 820 2 -

Poland - - 880 2 2780 4 

Romania - - 1980 3 1068 2 

* MWe: megawatts of electric power output. 
Source: Nuclear Power Reactors in the World (RDS/2l, IAEA, 1986. 
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Th e Unit 1 reactar blIilding of the Stendal nuc1ear power plant in the Eastern part of Germany. 

one is now being commissioned. With a share 
of more th an 30 per cent of the country's total 
electricity production, the Kozloduy output is 
of high importance. In August 1990 , the 
Bulgarian Parliament decided to freeze the 
construction of two additional 1 000 MW 
VVERs on another site at Belene, where civil 
work was about half-way complete. This site 
had been criticised by opposition groups and 
by Romania, on the grounds that it was located 
in an earthquake area. 

In Czechoslovakia (now officially called 
CSFRl, privatisation of electricity supply is 
under way. Two companies would be formed 
respectively for Slovakia and for Bohemia. 
Four 440 MW reactors operate at Dukovany in 
Bohemia, which are the most recent version of 
th e VVER-440. Because of the closing of 
several brown coal mines, the construction at 
the Temelin site of two 1 000 MW VVERs will 
be resumed, for commissioning in 1992 and 
1994 respectively. Two other VVER-1 000 units 
under construction on the same site are still 
frozen for the time being. 

In Slo vakia , safety doubts have been 
expressed, including from the neighbouring 
Austria, about the four VVER-440 units located 
at Bohunice. Two of these might have to be 
shut down in coming years and the others 
retrofitted, according to the conclusions of a 

range of experts from KWU (GermanyJ, 
Austria, the International Atomic Agency 
Agency and the Commission of the European 
Communities. At the Mochovce site, four other 
VVER-440s would be completed and fitted 
with western safety diagnosis and control 
equipment. 

With close to half of its electricity being 
produced by nuclear power, Hungary is the 
most heavily involved in this technology. The 
site of Paks houses four VVER-440s of the most 
recent type , which are performing 
satisfactorily, with above average load factors . 
Nevertheless , a programme of upgrading is 
under way with the help of Western and Soviet 
experts. 

Poland decided, at the end of 1989, to stop the 
construction of its first nuclear power plants at 
Zarnowiec (two 465 MW reactors of Czech 
design) for technical, safety, economic and 
political reasons , compounded by public 
acceptance problems. 

Romania has no operating nuclear power 
plants . However, five 600 MW CANDU 
reactors are under construction at Cernavoda, 
using the Canadian reactor design. Canada 
provides quality assurance to this programme. 
The first unit is expected to be commissioned 
in 1994. Romania has uranium resources and 
produces its own natural uranium fuel. 
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NUCLEAR POWER PROGRAMMES: 
ANEWSTART? 

Clearly, beyond the near-term, countries of 
Central and Eastern Europe are seriously 
considering ways to maintain, develop or 
reactivate their nuclear energy programmes to 
face an increasingly acute need for electricity 
and limit their preoccupying atmospheric 
pollution. 

Considerations of energy independence and 
cost-effectiveness are, of course, also involved. 
But the difficulties ahead are important. With 
the recent political changes, and with the 
Chernobyl accident still fresh in the minds, 
public protests against nuclear power have 
become more virulent, reflecting not only 
concerns over the safety of nuclear plants 
currently operating, but also suspicion against 
a technology that was imposed on all of the 
European satellites except one, by the USSR. 
The expression of public opposition to further 

nuclear power deployment will just as in the 
West become an important factor in the 
decision-making process , and notably in the 
opening of new sites. 

A second challenge has to do with the cost of 
rehabilitation or modernisation of the VVER 
plants in these countries, and the financing of 
western reactor technology, which several of 
these countries would like to install. 

A third requirement is the need to restore an 
appropriate nuclear safety culture among those 
in charge at all levels of the design , 
construction and operation of nuclear plants, 
as a condition for reduced hum an error and 
improved performance. 

Table 2 illustrates the changing situation, 
although it must be stressed that there is 
considerable uncertainty over the plants under 
construction and planned, as well as for the 
continued operation of sorne of the older 
operating plants. 

Table 2: Status of nuclear power plants in Central and Eastern Europe at the end of 1990 

Possible Additional 
Net capacity No. of Capacity under No. of planned No. of 
in operation units construction units capacity units 

(MWe) * (MWe) * (MWe) * 

Eastern part 878 30Z4 1 300 1 
of Germany VVER-70 1 VVER-440 3 PWR(western 
(former GDR) VVER-440 Z VVER-l000 2 design) 

Hungary 1645 [VVER-l000 - Zxl000 Z 
VVER-440 4 frozen] [2] (western 

design)or 
VVER-l000? 

Czechoslovakia 3 Z64 3336 1000 1 
VVER-440 8 VVER-440 4 advanced 

VVER-l000 2 PWR(western 
VVER-l000] [Z] design)or 

(frozen) VVER-l000? 
Bulgaria Z 585 953 1 

VVER-440 4 [VVER-l000] [Z] 
VVER-l000 1 (frozen) 

Poland - - [Z] Scenario: 
SKODA max.Z OOOMW 
(frozen) in Z005 

max.6 000 MW 
in ZOla 

Romania - - 31Z5 - -
CANDU 600 5 

* MWe: megawatts of electric power output. 
Source: Preliminary data of the IAEA-PRIS - December 1990. 
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Table 3: Structure of gross production of electricity in the CSFR by types of power plants, in % 

1985 1990 

Thermal 79.8 68.3 
Hydra 5.6 5.0 
Nuclear 14.6 26.7 

TOTAL 100.0 100.0 

Source: Kadlec and Stach, paper 2408.03 - ENC'90. 

In CzechosJovakia (CSFRJ, environmental 
safe ty, eco nomi cs and stability of supply 
considerations are incentives for nuclear 
power to retain a prominent position in the 
co untry's elec tr ici ty supply pattern . 
Retirement of old fossil-fuel power plants with 
a total power output of 1 200 MWe, planned 
for th e nex t years to help minimise 
environmental pollution , will have to be 
balanced by construction of new plants with 
improved technology to burn fossil fuels , or 
new nuclear power units. 

Four VVER-440 and two VVER-1 000 units are 
under constru ction at the Mochovce and 
Temelin sites respectively, for commissioning 
between 1993 and 1996. These units would be 
fitted with western safety equipment such as 
control and diagnosis systems. Also , the 
government is expected to order an advanced 
pressurized water reactor of 1 000 MWe , 
putting into competition several large western 
manufacturers , as weil as the USSR. A 
progressive involvement of the Czechoslovak 
nuclear industry (SKODA) in the development 
and building of such plants will be secured. 

Beyond the turn of the century, a medium-size 
(600 MWe) nuc\ear power plant using passive 
safe ty sys tems is envisaged under a co 
operative venture with a western 
manufacturer. Regarding the fuel cycle , in 
view of the changing relationship with the 
USS R, uranium mining and convers ion 
activities are expected to decrease. A nuclear 
fuel fabrication capability will be installe d, 
and a programme of R&D on long-term storage 
of spent nuclear fuel will be started. 

In Palan d, following the government decision 
to bring to a hait th e construction of the 
Zarnowiec nuclear power station , present 
scenarios envisage a limited development of 
nuclear power generation only after the year 

1995 2000 2005 

52.7 38.2 31.5 
6.4 5.9 6.5 

40.9 55.9 62 .0 

100.0 100.0 100.0 

2000, with a maximum of 2 000 MWe in 2005 
and 6 000 MWe in 2010. An assessment is 
being conducted by the Belgian firm Tractebel 
of the viability of finishing the already 40 per 
cent completed investment of Zarnowiec , 
upgrading it to western standards, and 
operating it economically. Meanwhile, R&D 
studies will be continued in Poland on the 
development of a new generation of nuc\ear 
plants with inherent safety systems. 

In Hungary, the government aims at a new 
power station to be in operation by the turn of 
the century as a means of reducing 
dependence on electricity imports. The choice 
remains to be made between a nuc\ear plant or 
a coal plant, and a final decision is expected 
next summer. Discussions have begun between 
the Hungarian Electricity Board and several 
foreign utilities and nuclear manufacturers 
from Canada , France and Germany, for a 
nuc\ear power plant of 2 x 1 000 MWe units to 
be located at the Paks site. The financing of the 
investment would be made by loans from the 
supplier country against repayment in kind in 
the form of electricity. 

In the Eastern part of Germany - the former 
GDR - the situation, notably as regards 
licensing, has to be appreciated in the light of 
the German unification. The Federal Ministry 
of the Environment and of Reactor Safety 
(BMU) has now competence over the whole ex
GDR for auditing the safety of nuc\ear plants , 
including those already built. In the short 
term, the federal government will be largely 
responsible for nuc\ear licensing matters in the 
new Lander until the latter are able to exercise 
their own competence in this field. 

As indicated in a footnote earlier in this article, 
a recommendation to relinquish the future 
construction and use of VVER reactors had 
been made at the end of February 1991. 
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Environmental safety, economic and stability of supply considerations are incentives to develop or reactivate nucJear programmes of 
some Eastern and Central European countries. 

Meanwhile, the prospects of replacing VVER 
reactors un der construction at Greifswald and 
Stendal sites by two 1 300 MWe pressurised 
water reactor units (Siemens-KWU), were 
under consideration. 

Bulgaria is in a difficult situation, because of 
its strong dependence on the Soviet Union not 
only for imported fossil fuel, but also for 
reactor technology. Current nuclear plants are 
regarded by neighbouring countries with sorne 
concern as to operational standards. The diffi
culties will also lie in the cost of a possible 
backfitting of their VVER plants, and in over
coming strong public opposition at the Belene 
site, if the freeze on the construction of the two 
VVER-l OOOs was to be repealed by Parliament. 

Romania will also look for a substantial 
contribution from nuclear energy in or der to 
meet rising energy demand. It is the only 
country formerly in the US SR orbit that had 
opted for a non-Soviet nuclear technology, 
namely the CANDU reactor, under close co
operative arrangements with Atomic Energy of 
Canada Ltd (AECL). This co-operation is 
expected to continue in the form of technical 
assistance to complete the five 660 MWe units 
that are at various stages of construction at 
Cernavoda. However, no precise scenario has 

been developed regarding the future extent of 
the Romanian nuclear energy programme, and 
the choice of future reactor systems is left 
open. 

INTERNATIONAL CO· OPERATION : 
A MAJOR REQUIREMENT 

From this quick overview, it is obvious that the 
chances that nuclear power may play a 
substantial role in the energy mixes of Central 
and Eastern European countries will heavily 
depend on the extent to which their 
neighbours from Western Europe and other 
industrially developed countries will assist 
them through bilateral and multilateral co
operation. 

It is likely that co-operative links will continue 
to exist in the nuclear field between the USSR 
and its former European satellites, if only to 
ensure that the maintenance and replacement 
of the VVER nuclear equipment can be 
properly ensured , and that regulatory co
operation on VVERs can be continued. A club 
of electricity companies using VVER plants 
already exists , which groups the USSR and 
these countries as weIl as observers from 
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Finland and Germany (both of them having 
such types of plants on their territory). 

However, Central and Eastern European 
countries strongly feel the need to rebuild 
credibility in their ability to manage their 
nuclear power programmes in a safe and 
economical manner, according to the most 
modern standards, notably in order to regain 
public confidence in their own countries. They 
will therefore increasingly turn to the West to 
ob tain technology and safety know-how to 
upgrade their plants and practices. 

This caU for co-operation is likely to be weU 
received as the subject matter, i. e. the safety of 
nuclear power and the availability of cheaper 
energy, is of equal importance to their western 
neighbours. In addition, the nuclear industry 
of many OECD countries is eager to be present 
in these new markets at a time wh en business 
at home is at a relatively low ebb. 

Since the Chernobyl accident, a wealth of 
bilateral agreements have been concluded for 
this purpose by many OECD countries. As an 
example, a broad co-operation agreement was 
concluded at the beginning of 1991 between 
the French Atomie Energy Commission and its 
Czech counterpart , to provide assistance in 
modernising existing Czech reactors , co
operate in designing and building future 
nuclear power plants as weU as in the are as of 
safety, radiation protection, radioactive waste 
management, training and public information. 
Furthermore, several substantial multilateral 
programmes have been implemented. 

The International Atomie Energy Ageney 
(IAEA) has launched a major international 
programme to advise countries operating the 
old VVER-440s, model 230, about design and 
operational safety issues and possible 
improvements . Fact-finding missions, 
composed of groups of internationally
recognised experts, are visiting plant sites for 
this purpose. Technical co-operation 
programmes for reactor safety analysis have 
been undertaken, speciaUy adapted to VVER 
power plants, which include severe accident 
analysis, validation of computer codes, and the 
use of probabilistic safety assessments. Other 
co-ordinated research projects have been 
established in other technical areas such as 
fuel management, optimisation of programmes 
for surveillance of reactor vessels , and in
service inspection of VVER-type reactors. AIso, 

IAEA safety missions have been carried out or 
are planned by mid-1991 at several nuclear 
reactor sites in Hungary, Czechoslovakia, 
Bulgaria and Poland, under the OSART 
(Operational safety review teams) or ASSET 
(Assessment of safety significant event teams) 
programmes. 

The Commission of the European Com
munities (CEG) is also engaging in co-operation 
on nuclear safety with Central and Eastern 
European countries through the PHARE 
programme (Pol and and Hungary Assistance to 
the Reconstruction of the Economy), which 
was launched at the end of 1989. Hs scope was 
subsequently extended to include Bulgaria, 
CSFR, GDR (until unification), and Yugoslavia. 
Under this programme, certain sectors may 
benefit from financial support through the 
funding of specifie projects. Thus, in 1990, an 
overview of the Polish Zarnowiec nuclear 
power plant was funded. AIso, in CSFR, 
assistance in operator training and engineering 
evaluations of VVER-440, models 230 and 213, 
and of VVER-1 000 reactors have been 
requested by the government. The Commission 
will also make these countries benefit from its 
work on harmonisation of nuclear criteria and 
practices within the European Community. 

At the end of 1990, the OECD Nuclear Energy 
Ageney organised an exploratory meeting with 
countries of Central and Eastern Europe having 
nuclear power programmes, to assess the 
prospects for co-operation in the areas of 
nuclear safety and regulation, international 
civilliability, and public information. A series 
of subject areas were identified, including for 
example severe accident management, 
operating experience and human factors , non
destructive testing of steel components, 
nuclear plant decommissioning, information 
on occupational exposure, radioactive waste 
management, economic studies, assistance in 
nuclear legislation and reinforcement of the 
international nuclear liability regime , and 
exchange of experience in the area of public 
information. 

It is planned that specifie co-operation pro
posaIs will now be further defined through 
contacts with the countries concerned and will 
be discussed within specialised NEA 
Committees and the OECD Steering Committee 
for Nuclear Energy, with a view 
to implementation in 1991 and later. D 
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A
t the Economie Summit in June 1990 
held in Houston, USA , there was 
discussion of the possibility of 

providing economie aid to the Soviet Union. In 
order to allow better judgements to be made on 
this issue, a report was commissioned on The 
Economy of the USSR. Prepared jointly by the 
International Monetary Fund, the world Bank, 
the OECD and the European Bank for 
Reconstruction and Development, the report 
was published in December 1990. The input 
on energy and environment was largely the 
responsibility of the OECD, with the NEA 
providing the basie material relating to nuclear 
energy. This article is based on the NEA's 
input, which, naturally, appeared in an even 
more condensed form in the jointly published 
report. 

Over the last two decades, nuclear-generated 
electricity has been the most rapidly 
increasing source of energy in the Soviet 
Union. The rapid expansion of capacity after 
1970 is shown in Figure 1 - there was a 
tripling between 1975 and 1980, and again 
between 1980 and the present. By the end of 
1989, nuclear plants produced 12. 5 per cent of 
electricity consumed. In sorne European 
regions of the USSR, the proportion is 
considerably higher than the average. In a 
particular case, it approaches 60 per cent. The 
incentive to develop nuclear power appears to 
stem from the difficulties in transporting the 
abundant fossil fuels east of the Ur al 
Mountains to the centres of energy 
consumption further west. At the end of 1989, 
the cumulative nuclear electricity production 
amounted to 1 412. 3 terrawatt-hours, equiva
lent to 324 million tonnes of oil or 550 million 
tonnes of coal. 

The Soviet Union has a very large nuclear 
industry with major manufacturing plants at 
Leningrad and Volgograd. The overall nuclear 
power programme is currently the third largest 
in the world. At the beginning of 1990,35 GWe 
of capacity were in operation and 21 GWe 
under construction. The Soviet Union also has 
had strong links to the nuclear programmes of 
Czechoslovakia, Hungary, Bulgaria and East 

MR. GEOFFREY STEVENS IS HEAD OF THE NEA NUCLEAR 
DEVELOPMENT DIVISION; MR. MASAYA YASUI IS A MEMBER 
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Germany, who not only manufactured 
components for the USSR, but who in turn 
extensively relied upon the Soviet designers 
for technical support. While sorne degree of 
dependence continues , it is likely to be 
supplemented by an increasing involvement of 
Western suppliers. 

The viability of this enormous industry is now 
threatened by recent political events and by 
safety concerns that followed the Chernobyl 
disaster. Reflecting this, the growth of the 
nuclear programme has slowed down since 
1986. Only a fifth of the ambitious growth of 
the 1985-1990 five-year plan has been 
achieved. 

The Soviet programme makes use of two main 
types of reactor: a pressure-tube, water-cooled, 
graphite-moderated reactor (RBMK), and a 
pressure-vessel, water-cooled and water
moderated reactor (VVER) basically similar to 
the Western pressurised water reactors. 
Twenty-five of the latter provide 18. 7 GWe 
whereas twenty RBMKs provide 15 GWe. In 
general, the performance of Soviet reactors 
matches that in the OECD countries, with load 
factors between 60 per cent and 70 per cent 
and power unit trips (unplanned shutdowns) 
per reactor year at 2. 2 in 1988 and 1. 5 in 
1989. Construction starts in the near future 
would be based on the VVER-88 , which is 
intended to be available in 500 and 1 000 MWe 
versions. This design introduces additional 
mechanical safety engineering, passive heat 
removal from the steam generators, control and 
burning of hydrogen, and containment filters. 
Sorne of these features can be backfitted into 
reactors already operating or under 
construction. As from about 2000 , it is 
intended to commission the VVER-92 reactor. 
It will have a power output in the range of 1 
000-1 200 MWe, and is intended to match the 
best world standards in technical, economic 
and safety performance. One stated aim is to 
have a severe accident probability of less than 
one per ten million reactor-years. 

As in OECD countries , the nuclear 
development programme is many-faceted. A 
variety of more advanced reactors using 
passive safety features , molten salt and lead
cooled reactors, fast reactors and a super
critical steam-cooled boiling water reactor are 
being worked on. 
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Following the Chernobyl dis aster, the overall 
safety of the Soviet-designed reactors has been 
the subject of much criticism. In general there 
has been insufficient access to technical 
information for full safety analyses to be 
performed through computer codes used in 
OECD countries. Thus, in spite of criticism 
from the Western countries, the overall safety 
of Soviet reactors remains to a large extent 
undetermined. Nevertheless, the obvious 
differences between Western and Soviet 
reactors have been highlighted, and in 
particular, concern has been expressed over 
the apparent deficiencies in certain safety 
features, quality assurance practices, seismic 
considerations, and management practices. 

Many of these safety concerns have already 
been translated into conclusions about safety 
by local politicians and the media. In August 
1990, the Ukranian Parliament passed a 
resolution calling for the immediate closure of 
the operating units at Chernobyl, and for a 
five-year moratorium on nuclear power plant 
construction in the Ukraine. Similarly in June, 
the local government of the Russian Federation 

decided to haIt work at Rostov, where the first 
of four VVER 1 000 MWe plants was nearing 
completion. Additionally, the newly formed 
State Committee for Supervision of Safety in 
Nuclear Power and Industry, Gosprom
atomnadzor, proposed the closure of all RBMK 
reactors after 20 years of operation. In contrast, 
the dire need for the electricity from the 
reactors is recognised, and in sorne republics 
may reverse the decisions taken earlier to do 
without nuclear power. It must be recognised, 
of course, that decisions on nuclear power 
have been the responsibility of central 
authorities who appear intent on keeping 
control. 

Efforts are under way to analyse aspects of the 
Soviet designs using Western techniques. 
Sorne backfitting has been identified as 
necessary and has been completed. Other 
backfitting is under economic review, the 
presumption being that reactors that could not 
be economically backfitted would be closed 
down. It is difficult, however, to assess the 
potential cost of upgrading the level of safety 
in the Soviet nuclear programme. Sorne 
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nuclear backfits (Ire likely to be cost
prohibitive, such as the replacement of VVER 
pressure vessels due to radiation 
embrittlement, for which annealing of welded 
joints may be adopted as an alternative. Sorne 
of the more costly backfits, however, may be 
avoidable by merely changing the reactor's 
operational parameters , such as temperature, 
pressure or power. Gospromatomnadzor, for 
example, has already ordered the maximum 
power levels for the first-generation RBMK 
reactors to be reduced to 70 per cent of the 
nominal rate. 

Cutaway of a VVER·440 reactor. 

The USSR is currently taking unprecedented 
steps to review its safety practices and 
improve the level of quality assurance. It has 
increased its participation in international 
programmes for nuclear safety, such as those of 
the International Atomic Energy Agency 
(IAEAJ, the World Association of Nuclear 
Operators (WANO), and the Commission of the 
European Communities (CEC), and has shown 

interest in links with the OECD Nuclear 
Energy Agency (NEA). To improve the safety 
culture among the plant operators , new 
training programmes have been initiated, and a 
special exchange agreement has been laid in 
place between the USSR and the u. S. Institute 
of Nuclear Power Operators (INPO). An 
American company has also entered into an 
agreement to supply simulators to train plant 
operators. At the same time, the Soviet Union 
has established bilateral relations with many 
Western countries , such as the USA, France, 
the UK , Germany and Finland , for the 
exchange of safety experience and techniques. 

The organisation of the Soviet nuclear energy 
industry has undergone significant changes in 
recent years. Notably, responsibilit y for 
regulating nuclear safety was taken away from 
the main ministry controlling nuclear energy 
and placed with Gospromatomnadzor. A basic 
law underlying the regulation of nuclear safety 
is under discussion and was originally 
scheduled for introduction in the second half 
of 1990. If these actions are sustained, it is 
likely that public confidence in the safety of 
Soviet reactors and their regulation will 
improve over the long term. 

URANIUM RESOURCES 

An aspect of particular interest to the NEA is 
the size of Soviet uranium reserves and the 
production capacity. Very little information 
has been released officially, but there is a quite 
widely held expectation that , holding the 
world's largest reserves and stockpile , the 
US SR could, if it wished, play a very large and 
possibly destabilising role in the supply of 
uranium and enrichment services. It is known 
that Soviet exploration for uranium began in 
1946. Since that time , a large numb er of 
exploratory programmes have been carried out, 
resulting in the discovery of numerous 
important uranium deposits both in the Asian 
and European sections of the country. 
Commercially viable uranium deposits are 
characterised by a great diversit y in dis
tribution and type. 

Production costs for the uranium are not 
available, however they are expected to be low 
by Western standards due to low overhead and 
economies of scale. There are a relatively large 
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number of uranium mining centres, and there 
are ten known processing plants that produce 
uranium concentrate from six major mining 
districts in the Ukrainian SSR, the Russian 
FSR, the Uzbeck SSR, the Kirgiz SSR and the 
Kazakh SSR. 

The total uranium production capacity of the 
Soviet Union is currently estimated at more 
th an 7 000 tonnes per year, with sorne 
estimates close to 10, 000. It is generally 
agreed that the country has about 4 000 tonnes 
of production capacity above its own current 
requirements. These requirements may be 
further reduced in the short term due to 
smaller military needs and reduced nuclear 
generating capacity. Thus, there is ample 
uranium production capacity as well as a 
stockpile estimated at up to 500, 000 tonnes as 
the basis for developing a large export 
business , and Technoergexport is actively 
pursuing contracts in the West. 

The chief methods for producing uranium are 
through by-product (or co-product) mining 
operations and by in-situ leaching. At present, 
in-situ leaching accounts for about 20 per cent 
of the uranium concentrate production, but 
could account for up to 45 per cent in the 
future as a result of cost-effectiveness and 
technological improvements. The development 
of efficient ion exchange resins has been a 
notable achievement of the Soviet mining 
industry and their use offers significant cost 
advantages. 

As a result of its ambitious nuclear cons
truction programme and military needs, the 
Soviet Union has created a substantial 
uranium metal extraction and enrichment 
complex. Enrichment of the uranium occurs at 
either the Zholtye Vody or Chkalovsk en
richment plants. 

THE FUTURE OF THE NUCLEAR 
PROGRAMME 

The future of the nuclear programme in the 
US SR is the subject of much debate. Central 
planners are aware of the importance of 
nuclear power production indeed, in July 1990 
Mr. Gorbatchev included nuclear power as one 
of eight items that he proposed to keep under 
central control ev en while devolving other 

functions to the republics. One aspect of the 
debate concerns the possibility of splitting 
responsibility for safety between Gospro
matomnadzor and the individual republics. 
These arguments naturally arise due to the 
growing trend towards state sovereignty, and 
because of the se crecy and distrust that 
surrounded the central government's handling 
of the Chernobyl accident. 

While similar arguments have been made for 
regional control of nuclear safety in sorne 
Western countries, only one of the OECD 
Member countries has put such a system fully 
into practice. It would be difficult to justify 
fragmentation of the regulatory infrastructure, 
as lack of an established central pool of safety 
expertise could create additional difficulties in 
achieving the desired safety levels. 
Fragmentation of the safety structure may also 
impose obstacles to the communication of 
experience and safety improvement ideas, thus 
exacerbating deficiencies which are believed 
to be at the root of many of the current safety 
problems. 

However, perhaps the greatest issue in the 
Soviet nuclear energy industry is not the 
technical safety of their plants, but rather the 
political and public acceptance of their 
industry. Since the catastrophic accident at 
Chernobyl and the advent of Glasnost, there 
has been severe public opposition to nuclear 
power development. Sorne programmes to 
improve public acceptance have been 
initiated, but they have been slow and they do 
not appear to be effective. A nuclear 
information center with eight local centers was 
established under the co-operation of 15 
governmental branches in 1988. A Soviet 
Nuclear Society has also been established to 
promote public understanding. However, there 
still seems to be a shortage of neutral and fully 
objective information. 

It is difficult to predict the future of the Soviet 
nuclear programme, largely because the effect 
of technical safety improvements on public 
acceptance is unknown. Even if it were 
possible, for example, to analyse and 
implement a number of improvements which 
would be shown to reduce accident 
frequencies by a factor of 100 (say, from 1 in 
1000 per reactor-year to 1 in 100,000 per 
reactor year) it is questionable whether 
this would significantly improve public 
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Paks NucJear Power Plant, Hungmy 

confidence. If public acceptance is to be 
improved, other approaches must be 
attempted. 

1990 TO 1995: 

Considering the sheer size of the industry, the 
economic value of 36 GWe installed capacity, 
the lack of excessive electrical capacity on the 
Soviet grid, the lack of funds to establish new 
power generation systems, the need for stable 
energy supplies to support economic 
development, the current energy intensiveness 
of the Soviet economy and time lag to alter it, 
the impact on the economy of displacing a 
multi-million employee workforce, the linkage 
with the military establishment and national 
security programmes, and the time and 
distances involved in setting up alternative 
fossil energy sources, it is unlikely that the 
nuclear programme could be abandoned in 
this decade. Thus a national moratorium or the 
establishment of an enormous nuclear-free 
zone is not likely. 

However, because of public acceptance 
problems after Chernobyl, and the unstable 
political situation in the Soviet Union, it 
seems that there is little chance for the Soviets 
to resume their former ambitious plans for 
nuclear power or even to increase it 
substantially in this decade. Rather, it seems 

more likely that there would be sorne 
reductions in nuclear capacity due to outages 
for safety upgrades, and due to the closure of a 
few plants because of ageing or public 
acceptance issues. Current construction 
projects could be delayed depending on the 
trade-off between local attitudes and energy 
shortages. In sorne regions, electricity supply 
shortages are likely to reverse the decision to 
shut down nuclear plants (e. g. Armenia , 
Lithuania). Thus the nuclear controversy 
seems destined to assume an increasingly local 
nature. Overall nuclear generating capacity 
will perhaps dip over the next five years by 
several gigawatts to a range of 30-35 GWe. 

1995 TO 2000 

One might expect public opposition to be 
reduced as safety upgrades and new Western 
designs were put in place, as public 
understanding of nuclear issues improved, as 
tighter and more responsive safety regulation 
was established, as government stability took 
hold, and as the contribution of nuclear power 
to reducing harmful emissions was recognised. 
If these conditions are satisfied , nuclear 
capacity will probably hold steady or may 
grow slowly as present construction projects 
are resumed and completed. New construction 
sites will probably not be sought, although D 
expansion of existing sites could occur. 



DISPOSAL OF RADIOACTIVE WASTE: 
CAN LONG-TERM SAFETY BE EVALUATED? 
DR. R.H. FLOWERS 

T echnical planning and schedules for the licensing and construction of repositories for high
level radioactive waste disposai are increasingly weil defined, and are supported by large 
research and development programmes. Sorne countfies expect to start operation of their 

deep geologic repositories by about 2010. Thus, the selection of suitable sites and their detailed 
characterisation, as weil as the conducting of safety studies, are now under way. An important part 
of the characterisation of a site is concerned with collecting the data needed to determine the ability 
of the proposed disposaI system to isolate radioactive waste for the required periods. Safety studies 
incorporate information on waste characteristics, the design of the repository, and the hydrology, 
geochemistry and other properties of the site that may affect its long-term containment ability. Over 
the last fifteen years, the capability to conduct safety studies incorporating ail these disciplines in a 
coherent and rigorous analytical process has developed considerably. At the international level, 
organisations such as the Nuclear Energy Agency, the Commission of the European Communities 
(CEC) and the International Atomic Energy Agency (IAEA) have placed emphasis on development of 
the various methods used to conduct long-term safety assessments. 

The Nuclear Energy Agency has recently published an international collective opinion on this 
subject which was developed by its Radioactive Waste Management Committee and the 
International Radioactive Waste Management Advisory Committee of the IAEA. The experts for the 
Community Plan of Action in the field of radioactive waste management of the CEC have also 
endorsed it. The objective of this text was to publicise the wide international consensus which 
exists among experts as regards the availability of methods to assess the long-term safety of 
radioactive waste disposaI. 

DR. RON FLOWERS IS CHIEF TECHNOLOGIST (NUCLEARj, ATOMIC ENERGY RESEARCH ESTABLISHMENT, UNITED KINGDOM ATOMIC 
ENERGY AUTHORlTY. HE IS CURRENTLY CHAlRMAN OF THE NEA RADIOACTIVE WASTE MANAGEMENT COMMITTEE. 

Developmen t of methods and techniques for studying the interactions of groun dwa ter and rock-engineered barriers are the general 
objectives of experiments at laboratory sites such as STRIPA, in Sweden. 
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Containment systems consist of a number of interreiated, often redundant barriers between the waste and the human environment. 
This disposai concept is referred to as a multi-barrier system. 

These assessment methods have now reached an advanced state and, when based on geological and 
other input data from specifie sites of interest, are capàble of providing risk estimates which may be 
used to take reliable decisions on the siting and design of a repository. 

International comparison of results from test cases have shown that the various national computer 
codes work in the way that was intended and that, when supplied with specifie input data, they 
generate similar predictions for key outputs such as the rate and direction of the groundwater flow 
over long future time-scales. 

To understand the significance of such international consensus, we need only to reflect on the 
reasons for sorne of the difficulties experienced by Member countries when their national 
organisations with responsibility for disposai of radioactive wastes attempt to construct the 
necessary underground repositories at suitable sites. The profound feeling of people who are not 
familiar with radioactivity is that the wastes from the nuclear power industry have a special 
malevolence, which could do harm to themselves and their descendants if placed in a repository 
within a few kilometres of their homes. This is fear of the unknown and, however misplaced it may 
appear to those of us who work with radioactivity, it is very real. In that situation it can only be 
helpful to know that scientists from ail those countries which subscribe to the Collective Opinion 
agree collectively that the methodology and the technical tools now exist for carrying out a thorough 
long-term radiological risk assessment of a chosen site. In that sense, the Opinion may help to give 
confidence to members of the general public who have concerns about the safety of repositories. It 
will also be helpful to government bodies and waste management organisations with responsibilities 
for managing radioactive wastes. 

This Collective Opinion registers real progress in setting up, testing and improving the conceptual 
framework and the technical tools necessary for long-term safety assessments. Assessments of this 
kind have never before been attempted for any hum an activity. The very low risk targets set by 
regulatory bodies and the very long (or unlimited) times into the future over which these targets 
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must be met, set completely new standards of detailed knowledge of risk, which will doubtless be 
followed by other industries in time. There is, therefore, good sense in observing carefully how the 
task is approached in other countries. 

The Collective Opinion also reflects the fact that there is now wide agreement on the engineering, 
physical and chemical princip les of the design of a repository. The so-called Multi-Barrier Concept 
provides for several different waste containment features, sorne engineered and sorne inherent in the 
geology of the chosen site, which serve to keep the radioactive substances deep in the ground until 
they have decayed harmlessly or bec orne safely dispersed. This "defense-in-depth" would allow sorne 
barri ers to fail to perform as predicted without exceeding regulatory risk targets. In this context, the 
whole subject of uncertainty in input data and choice of climatic or human behaviour scenarios is 
one in which the interaction of expert opinions from many countries helps to generate convincing 
conceptual and mathematical frameworks for the assessment models. There is much that has been 
learned in these are as from the discussions and workshops of the OECD Nuclear Energy Agency. 

This work, however, is not finished. Providing the tools for the safety assessment job is an important 
step forward, but even more important will be the provision of the site-specific input data for them 
to work on. Too often detailed knowledge of the geology and hydrology of a site cannot be obtained 
without planning permission to conduct extensive drilling and excavation work at that site, whereas 
that planning permission may be refused on the grounds that the safety case for the repository is not 
made. 

National waste disposaI organisations now must be given a chance to make the necessary 
measurements at sites which appear, from geological records, to be suitable in all respects. These 
measurements will take several years to make and to interpret, but without them the risk assessment 
models cannot be meaningfully applied and real progress cannot be made in disposing of D 
intermediate and high-Ievel radioactive wastes. 

CONCLUSIONS OF THE COLLECTIVE OPINION: THE INTERNATIONAL VIEW 

International co-operation through information exchange and joint projects plays a substantial role in 
the development of methods for safety assessment. In partieular, international co-operation promotes 
periodic and systematic reviews of the state-of-the-art in this field, and contributes to informed and 
objective debate among specialists. 
Following such a review, the NEA Radioactive Waste Management Committee and the IAEA 
International Radioactive Waste Management Advisory Committee: 

Recognise that a correct and sufficient understanding of proposed disposaI systems is a basic 
prerequisite for conducting meaningful safety assessments, 
Note that the collection and evaluation of data from proposed disposaI sites are the major tasks on 
which further progress is needed, 
Acknowledge that significant progress in the ability to conduct safety assessment has been made, 
Acknowledge that quantitative safety assessments will always be complemented by qualitative 
evidence, and 
Note that safety assessment methods can and will be further developed as a resuit of ongoing 
research work. 

Keeping these considerations in mind, the two Committees : 
Confirm that safety assessment methods are available today to evaluate adequately the potential 
long-term radiologicai impacts of a carefully designed radioactive waste disposaI system on 
humans and the environment; and 
Consider that appropriate use of safety assessment methods, coupled with sufficient information 
from proposed disposaI sites, can provide the technieal basis to decide whether specifie disposaI 
systems would offer to society a satisfactory level of safety for both current and future generations. 

This Collective Opinion is endorsed by the CEC Experts for the Community Plan of Action in the Field 
of Radioactive Waste Management. 
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H uman factors enter into the safety of 
nuclear power plants (NPP) from their 
conception, design and manufacture, 

through their assembly and operation , 
including maintenance and management. In 
addition, the regulation of NPPs introduces 
considerations relating to the inspectors' 
interactions with the operators and managers 
of the plants , and of course, to the performance 
of the inspectors themselves. While the 
importance of human factors was highlighted 
by their contribution to the accidents at Three
Mile Island and at Chernobyl , actual statistics 
make the point: about one-third of ail 
incidents are directly attributable to human 
errors. Furthermore, human errors can affect 
the probability that a severe accident may 
occur, in terms of time span, by two to four 
decades. For these reasons, the Committee on 
Nuclear Regulatory Activities of the OECD 
Nuclear Energy Agency held a special meeting 
in June 1990 to discuss regulatory approaches 
to human factors in operational safety. 
Highlights of this meeting are presented below. 

WHAT ARE "HUMAN FACTORS" IN 
OPERATIONAL SAFETY? 

Human factors is a term intended to include 
ail elements that influence the performance of 
humans in their responsibilities relating to the 
safe operation of a NPP. This co vers ail 
working conditions (salary, staffing policies, 
work areas, work cycles, etc. ), as weil as the 
control room design, man-machine interfaces, 
instrumentation and measurement read-outs or 
displays, the manner and detail in which ope
rating and emergency procedures are written, 
as weil as staff training, retraining and qualifi
cation. It also includes communication and co
operation among colleagues and management, 
fitness for dut y, staff organisation, task 
complexities, and that composite characteristic 
that has become known as safety culture. 

HOW TO IMPROVE HUMAN 
PERFORMANCE 

After identifying these factors, the regulators 
attending this meeting discussed the many 

DR. G. DONALD McPHERSON IS HEAD OF THE NEA NUCLEAR 
SAFETY DIV/SION 

areas and ways to improve human 
performance in the operational environment. 
These ranged from the simpler and more 
obvious measures: better training, availability 
of written procedures and up-to-date plant 
documentation, improved computer interfaces, 
instrumentation read-outs and displays; to the 
more sophisticated means of defining high 
standards of safe operation and evaluating the 
licensee's performance against these standards. 
They also included staff discipline , a proper 
balance between emphasis on plant capacity 
factor and on safety, available resources for 
safety considerations, and emergency 
procedures and training. 

In several areas, it was agreed that the route to 
improvement is not obvious. Should personnel 
be given psychological tests? Should 
operations be highly automated during normal 
operations or during accidents ; and should 
preventive interlocks be used , or might this 
inhibit the proper actions? Should opera tors 
be formally examined and licensed, or is this a 
psychological encumbrance and a waste of 
time? Should enforcement actions be used 
against individuals and if so, would this 
improve performance or encourage the 
covering-up of future mistakes? 

Performance might also be improved through a 
better control of the plant status and related 
work orders, better housekeeping , and 
avoiding operational goals that might lead to 
unsafe practices (e. g. minimising the number 
of unplanned shutdowns and maximising the 
number of hours at full power). 

AREAS IN NEED OF SPECIAL 
EMPHASIS 

While the regulators identified ail the above 
factors in the improvement of human 
performance, several factors were singled out 
as requiring special emphasis. These included 
design improvements to control rooms, such as 
panels to display safety parameters , 
computerised operator aids, and the 
optimisation of manu al and automatic control. 
With regard to manu al operation , it was 
emphasised that human actions should be 
redundant, and that they should be designed 
so as not to cause failure by themselves. To 
minimise human errors, there should be rigor 



HUMAN FACTORS IN OPERATIONAL SAFETY 

in adherence to rules, and competency 
requirements should be established for 
operators, maintenance workers, managers and 
training personnel; performance standards for 
staff should be established and a utility's 
performance should be assessed, in part, on 
meeting those standards. 

One are a that stood out above all others is 
maintenance, and several specific ways for the 
improvement of human performance in this 
are a were identified. It was suggested that 
maintenance tasks must be simplified, their 
written procedures clarified, and all lessons 
learned (errors , improvements) fed back more 
rapidly. Perhaps the most important point of 
all is that ways must be found to reduce the 
stress associated with the pressure of time 
during maintenance outages, and one such 
way is to replace equipment scheduled for 
maintenance and to perform that maintenance 
at sorne other, more convenient time. In the 
long run , the study and application of new 
inspection methods and of preventive measures 
should bring improvement. 

CASE STUDIES OF INCIDENTS AND 
REGULA TORY RESPONSES 

A working group of the NEA Committee on the 
Safety of Nuclear Installations, which deals 
with the feedback of operational experience 
and human factors , had studied five incidents 
involving human error in order to seek 
common approaches to avoid similar errors 
and consequent incidents in future operations. 

The report of this study was presented to the 
regulators , and the les sons learned were 
summarised as follows: as much as possible, 
human interactions should be designed out of 
operations (oral communication is a significant 
source of error) ; expect the unexpected to 
happen (never assume that a hum an action 
will be done correctly, instead plan on it not 
being done , or an error being made in its 
execution) ; written procedures should be 
precise and straightforward, with marginal 
notes for explanation, and their primary 
characteristic should be clarity (never assume 
the operator possesses the knowledge to take 
the required action the action itself must be 
clearly specified). 

Control Room of the Tricastin nuc1ear power plant in France. 

In discussing the difficulty in taking actions 
that lead to improved human performance, the 
regulators acknowledged that the nature of 
such actions must be directed at establishing 
the conditions that in the longer term create a 
sense of safety culture (e. g. safety performance 
incentives, excellence in job performance , 
staff-management relationships and mutual 
esteem). On a more practical level, the report 
made recommendations to utilities concerning 
staff training and competence requirements , 
safety analysis , quality assurance , the 
organisation of plant outages , work orders, 
working hours, shift change-over procedures 
and staffing. 

FOLLOW-UP FROM THE SPECIAL ISSUE 
MEETING 

Each of the senior regulators attending this 
meeting contributed valuable information on 
experiences with human factors learned in his 
country, and took away information on 
others'experience to be applied in his own 
work. Another benefit has been the bilateral 
connections that have followed : for every 
positive result reported at this meeting, a 
number of direct contacts have been made so 
that others may learn more details. 

A more general benefit arising from a meeting 
of this type is the increased awareness of the 
regulators to current problems and , by 
consequence, the improved vigilance towards 
minimising the recurrence of incidents D 
involving human error. 
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1 t is generally agreed that the primary 
protection of the public from an accident 
at a nuclear facility should be achieved by 

engineered safety features, competence in 
operation and maintenance, and proper site 
selection. These measures should reduce both 
the probability of an accident and the potential 
magnitude of the consequences to very low 
levels. However, in order to ensure public 
safety in the unlikely event of an accidentaI 
release of radioactivity, it is prudent to 
develop emergency plans. These plans should 
ensure that the necessary resources will be 
available to implement appropriate protective 
actions and environmental monitoring, and 
that communication links between involved 
parties are workable. 

Following an accidentaI release, a number of 
different countermeasures could be taken to 

MR. CHRISTER VIKTORSSON IS A MEMBER OF THE NEA 
RADIATION PROTECTION AND WASTE MANAGEMENT 
DIVISION 

reduce the exposure of the public. These range 
from relatively minor ones, such as advice to 
wash green vegetables , to potentiall y very 
disruptive and widescale countermeasures , 
such as evacuation of large populations and 
extensive food bans . Decisions to take 
countermeasures depend on many factors , in 
particular the results of monitoring. Therefore , 
when developing emergency plans , it is 
necessary to investigate all the factors that 
could influence the choice of countermeasures 
and the monitoring strategy to be adopted. 
Such factors should include the effect of 
prevailing seasonal and meteorological 
conditions. 

THE INFLUENCE OF SEASONAL 
CONDmONS ON PUBLIC EXPOSURE 

As the environment changes between seasons, 
so the behaviour of radionuclides in the 
environment and hence the potential 

As seasonal conditions can widely influence the behaviour of radionuclides in the environment, reliable meteorological data are 
necessary. 
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In case of an occidental release in win ter, much of the radioactive deposition will be onto ground and building surfaces, since 
vegetation cover will be at a minimum. Snow covering previously deposited radionuclides con reduce the external dose rate. 
Olkiluoto Nuclear Power Plant, Finland. 

irradiation pathways of people can vary. In 
addition, people's activities and lifestyles are 
modified by the seasons, and this too affects 
their potential exposure. Important irradiation 
pathways following an accidentaI 
contamination of the environment are 
inhalation of radionuclides, external exposure 
from deposited radionuclides, and ingestion of 
contaminated food. 

The potential exposure of individuals to direct 
inhalation of radionuclides in the air is clearly 
related to whether they are outdoors, and, if 
not, to the airtighness of the building they are 
in . On hot , dry days, individu aIs are more 
likely to be outdoors , and to have doors and 
windows of buildings open, whereas in win ter 
or on cold nights , most of the population will 
be indoors with do ors and windows shut. In 

countries with a generally hot climate, most 
houses may be more lightly and openly 
constructed, and so sheltering would rarely be 
an effective countermeasure to take. Another 
factor which may influence the potential 
exposure of individuals to direct inhalation is 
how quickly and effectively countermeasures 
against this exposure pathway may be taken. In 
particular, at tourist resorts during holiday 
seasons, there will be a substantial increase in 
population, a large part of which may be 
residing in less substantially constructed 
accommodation. This may make it more 
difficult to carry out evacuation, and 
unprofitable to advise sheltering. 

Seasonal conditions can also be very important 
in influencing the level of radiation dose 
received from deposited radionuclides . In 

~ 
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The ingestion pathway is the most sensitive to seasonal changes. Pathway contribution as a function of latitude. 

particular, the state of the ground and 
vegetation, and the variation of these with 
time, will determine the behaviour of 
radionuclides in the environment and also 
influence the level of shielding available. In 
summer, in temperate or wet climates, 
radionuclides deposited onto soil will tend to 
migrate downwards, becoming available for 
uptake by plants and, at the same time , 
reducing the radioactivity above ground. In 
very dry climates, however, the ground will be 
very hard and tend to inhibit this downward 
migration. Radionuclides deposited onto 
impervious surfaces in urban areas, for 
example, may either bec orne chemically bound 
to that surface and so provide a continuing 
source of exposure in that location, or be 
washed into sewage systems and water bodies, 
thus creating potential sources of exposure in 
other locations. Wh en trees and shrubs are in 
leaf, the leaves may retain a large fraction of 
contamination , and provide an additional 
exposure route, for example, in gardens, parks 
and forests. 

In win ter, much of the deposition will be onto 
ground and building surfaces, since vegetation 
co ver will be at a minimum. If the ground 

surface is frozen, then the radionuclides may 
be trapped on the surface, and so the surface 
radioactivity will decline less quickly than in 
summer. Snow can also affect the external 
radiation dose received. Snow covering 
previously deposited radionuclides can reduce 
the external dose rate. If the radionuclides are 
deposited with the snow, sorne reduction 
might occur, but more significantly, when the 
snow melts, the radionuclides will be partly 
removed with the run-off. 

In many ways, the ingestion pathway is the 
most sensitive to seasonal changes, since it is 
directly linked to agricultural practices and 
harvest times. For a single large release 
affecting a number of countries, the potential 
ingestion of contaminated food can vary 
significantly between countries , depending on 
the state of crops and the breeding habits of 
animaIs. The figure above shows the 
contribution of ingestion to the dose received 
following the accident at Chernobyl, as a 
function of latitude. It shows clearly that in 
southern countries, where crops were at a 
more advanced state of growth and animaIs 
were generally grazing outdoors , ingestion 
contributed notably more to the dose received. 
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The figure also implies that the majority of expo
sure from ingestion is committed within the 
first years, meaning that, to be most effective, 
actions on food need to be initiated relatively 
quickly, and certainly during the first year. 

THE IMPORTANCE OF MONITORING 
PROGRAMMŒS 

In order to make decisions on whether or not, 
and when, to implement countermeasures, it is 
necessary to form an understanding of the 
radiological situation. Predictive computer 
programs can be one input to such an 
assessment. However, the atmospheric 
disp ersion and the deposition in the 
environment may be very complex and 
difficult to predict. It is therefore important, 
wh en assessing the radiological situation, to 
place emphasis on making measurements. A 
large number of measurements in many 
environmental media would be necessary for a 
full understanding of the situation. Since 
seasonal and meteorological factors can have a 
strong influence on the importance of different 
irradiation pathways, the monitoring priorities 
need to reflect these factors. It is, for example, 
important for any monitoring strategy after an 
accident to quickly identify areas of 
potentially higher deposition and to allocate 
resources and priority in making 
measurements in these areas. 

Weather conditions also affect the ease with 
which measurements can be made. Fog, deep 
snow or heavy rain could seriously impede 
ground-based monitoring teams. The 
emergency plans should take account of this, 
and appropriate strategies need to be 
developed so that available resources are 
mobilised in the manner most likely to provide 
adequate information upon which to base 
decisions. 

THE IMPROVEMŒNT OF EMŒRGENCY 
RESPONSE PLANS 

Emergency response plans provide a basis for 
taking decisions and impl ementing 
countermeasures following an accidentaI 
release of radionuclides. In order to guide 
these decisions, results of monitoring and 
predictive models are used . As discussed 
above, seasonal and meteorological factors can 
significantly influence the potential irradiation 
pathways and thus the exposure of individuals 
and populations. It is therefore important that 
those parts of emergency plans dealing with 
predictions of the radiological situation, 
initiation of monitoring programmes, and 
decisions on countermeasures, take account of 
the possible effects of seasonal and 
meteorological factors on these plans. 

The NEA organised in 1988 a meeting to 
discuss the influence of the seasonal 
conditions on the radiological consequences of 
a nuclear accident. The meeting showed that 
knowledge of these influences exists in the 
scientific community, but, as demonstrated by 
the response to the Chernobyl accident, does 
not appear to be fully recognised by decision
makers. Clearly there is a need to transfer the 
implications of this knowledge, which has 
been largely improved after the Chernobyl 
accident, into the actual emergency planning 
process. Therefore , the NEA Committee on 
Radiation Protection and Public Health felt 
that the current international recommen
dations could be usefully supplemented by 
specific guidance addressing these aspects. For 
this purpose, a technical reference document 
was prepared to be used primarily by those 
developing emergency response plans. That 
document, which discusses the above 
questions, has now been published and D 
is available at the NEA. 
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N uclear reactors are designed to operate 
in an inherently stable manner during 
normal operating conditions. Stability, 

in this sense, refers to the tendency of certain 
reactor parameters, and especially the reactor 
core power, to reach a new value, without 
excessive oscillation, after the operation of the 
reactor and its systems is disturbed during a 
transient incident. 

Since the first boiling water reactors were 
designed, over 30 years ago, it has been 
recognised that their operation under certain 
conditions of power and flow could cause 
oscillations of the power level. These power 
oscillations can take a variety of forms, from 
very local power peaks causing no damage, or 
only slight damage to just a few fuel rods, to 
large core-wide oscillations where entire 
segments of the core can operate 
independently of one another, with attendant 
wide power swings. 

Boiling water reactors, of which there are 81 
producing electricity in nine OECD Member 
countries, operate in accordance with limits 
defined by an operating map, which describes 
the acceptable operating conditions for the 
core in terms of coolant flow rates and power 
levels. Figure 1 is an example of an operating 
map, and the marked locations on the map 
indicate the conditions under which 
instability events have occurred in a variety of 
plants. Considerable research was performed 
to better understand the principal operating 
parameters that contribute to the initiation of 
these oscillations, and guidelines were 
developed to avoid plant operation under the 
most unstable conditions. The precise 
conditions could not be absolutely defined, 
but there was sufficient understanding of them 
that the region of instability could be generally 
avoided, with only minor examples of 
instability events. 

More recently, though, several reactor events, 
and especially one that occurred at the La 
Salle Nuclear Power Station in the U. S. in 
March 1988, have instigated a re-examination 
of BWR instability characteristics and 
consequences . Discussions began among 
reactor vendors, BWR owners, and regulatory 

MR. RALPH CARUSO WAS, UNTIL THE END OF 1990. A MEMBER 
OF THE NEA NUCLEAR SAFETY DIVISION 

agencies to explore the phenomena associated 
with oscillations during normal operation, and 
large oscillations during a certain transient 
incident known as an "anticipated transient 
without scram". These conditions were 
determined to be the significant areas 
requiring further investigation as a result of the 
La Salle event, and analysts have continued to 
explore ways of improving the tools and 
knowledge for understanding these situations. 
Figure 2 (next page) illustrates the way reactor 
power can oscillate, as determined by 
computer simulations of the reactor core 
power during a transient. 
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Figure 1 An example of an operation map, indicating the 
conditions under which instability events occur 

As part of its work in the area of nuclear safety 
and fuel performance, and in response to these 
efforts, the NEA recently organised an 
international workshop on BWR stability with 
the participation of analysts and researchers 
from reactor vendors, utilities , and 
governmental organisations, to enhance 
international attention to common problems 
and their resolution. Over 100 participants 
from 12 OECD countries attended the 
workshop, which was hosted by Brookhaven 
National Laboratory in the United States. 

With regard to technical understanding of the 
phenomena, the participants agreed that 
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Figure 2 The operation of bojJing water reactors (BWR) under cerlain conditions of power and f10w could cause oscillations of the 
power level. 

the causes of instability appear to be well 
understood , but there are many variables 
involved, and their correlation with instability 
conditions is not always certain. Most codes 
claim to be capable of predicting oscillations 
and unstable conditions, based on post-test 
analyses of data from actual events, but there 
does not seem to be any way of accurately 
predicting an instability event before it occurs. 
Consequently, reactor owners have decided 
that the best course is to avoid, with sufficient 
margin , certain regions in the power-flow 
range where conditions of instability are 
known to exist. 

The meeting concluded that the safety 
significance of BWR instability is rather 
limited, and current estimates of plant risk do 
not show it to be a dominant contributor. This 
is because the installed plant protection 
systems will shut a reactor down if the 
oscillations exceed power limits, and any fuel 
damage that might occur will be localised and 
containable . However, it was also agreed 
that an instability event could increase 

uncertainties in the human error rate, because 
operators who have never experienced su ch an 
event may take actions that are not necessarily 
appropriate. In addition, although an 
instability event may not cause any harm to 
the public, it may cause sorne fuel failures, 
which are of concern to a reactor owner for 
economic reasons and for reasons of excessive 
radiation exposure to the operating staff. 

For the future , the participants agreed that 
international comparison exercises would be 
worthwhile, in which analysts would attempt 
to predict an instability event using different 
tools. Italy tentatively offered a thermal
hydraulic test facility (PIPER-Il for this 
purpose, but several participants suggested 
that a test without actual interactions in a real 
reactor would be of limited value. Inasmuch as 
reactor owners are reluctant to propose the use 
of their facilities for such tests, and regulatory 
authorities are reluctant to approve them, 
further study of this topic will continue to be 
performed in non-nuclear test rigs and in D 
computer simulations. 
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WORLD NUCLEAR POWER CAPACITY 

I n 1990, installed capacity for nuclear 
energy production worldwide continued 
to grow, as ten new power reactors came 

into operation. This brought the world's total 
number of nuclear power plants for electricity 
production to 424, spread out in 25 countries. 
Total generating capacity of nuclear plants has 

now reached more than 324,000 megawatts. 
(Source: IAEA Press Release (PR91/3-30/01/91).) 

The following table presents the situation as of 
31 December 1990. 

Preliminary list of numbers of nuclear power 
reactors in operation and under construction, 
as of December 31, 1990, with figures in 
parentheses representing total net MW (e): 

Reactors in Reactors Reactors under Reactors 
operation connected to construction shut down 

the grid 

Country 

Argentina 2 (935) 1 (692) 

BelgiUID 7 (5500) 

Brazil 1 (626) 1 (1245) 

Bulgaria 5 (2585) 2 (1906) 

Canada 19 (13066) 1 (881) 3 (2643) 

China 3 (2148) 

Cuba 2 (816) 

Czechoslovakia 8 (3264) 6 (3336) 

Finland 4 (2310) 

France 56 (55778) 3 (3940) 6 (8305) 2 (750) 

Germany 25 (23281) 6 (3319) 5 (1537) 

Hungary 4 (1645) 

India 8 (1594) 1 (220) 6 (1320) 

Iran 2 (2392) 

Italy 2 (1120) 

Japan 41 (30917) 2 (1617) 10 (9012) 

Korea, Rep. of 9 (7220) 2 (1990) 

Mexico 1 (654) 1 (654) 

Netherlands 2 (508) 

Pakistan 1 (125) 

Romania 5 (3125) 

South Africa 2 (1482) 

Spain 9 (7064) 1 (480) 

Sweden 12 (9817) 

Switzerland 5 (2952) 

United Kingdom 37 (11506) 1 (1188) 2 (242) 

USA 112 (100630) 2 (2299) 1 (1165) 

USSR 47 (35155) 1 (925) 25 (21255) 

Yugoslavia 1 (632) 

Total 424 (324496) 83 (66421) 

Note: The total includes 6 units in operation in Taiwan, China. (Sorne figures are subject to official confirmation) 
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SURVEY OF REQUIREMENTS FOR 
REACfOR OPERATIONS AT LOW
POWER AND DURING SHUT-DOWN 

The potential risk associated with low-power 
and shut-down activities that have recently 
been brought to light in risk assessments and 
incident reports in NEA Member countries has 
prompted the NEA Committee on Nuclear 
Regulatory Activities (CNRA) to prepare a 
survey on each country 's regulatory 
requirements in this field; the rationale for 
each requirement; the improvements that have 
been made, the events or studies that led to 
those improvements; and the indications of 
the effec tiveness of the improvements . 
Questions concerning the application of 
probabilistic safety assessments to this 
problem will also be included. 

The results of this survey will be studied at a 
forthcoming session of the CNRA. 

Boiling Water Reactors, Units 1,2 and 3, at Barseback, Sweden. 

NDC REVIEWS PRIORITIES 

The Committee for Technical and Economic 
Studies on Nuclear Energy Development and 
the Fuel Cycle (NDC) held its 27th meeting on 
16th and 17th January. As weIl as reviewing 
work in progress by the Secretariat and 
developments in Member countries, there was 
a discussion of priorities for the 1992 
Programme of Work. High priority was given to 
a symposium to explore the supply of 
qualified manpower and of nuclear grade 
components and equipment; there are 
suspicions that shortages may emerge which 
could render difficult any relaunch of nuclear 
power programmes. 

~-
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Emergency Preparedness for Nuclear-Powered 
Satellites 

Governments have been prompted by several 
past incidents to develop emergency planning 
and preparedness measures in relation to the 
accidentaI re-entry of nuclear-powered 
satellites (NPS) into the atmosphere. This 
report by the OECD Nuclear Energy Agency 
describes nuclear power sources used in 
satellites, characterizes the environmental 
consequences of past accidentaI re-entries by 
NPS, and reviews international co-operation 
and national emergency planning practices in 
a number of countries . Guidelines are 
proposed to further strengthen emergency 
planning. 

103 pages 
ISBN 92-64-13352-6 
f 11.00 US$ 19.00 FF 90 .00 DM 35 .00 
V 3200 

The OECDILOFT Project - Achievements and 
Significant Results 
(Proceedings of an Open Forum, Madrid 1990) 

The Loss-of-Fluid-Test (LOFT) fa ci lit y in the 
United States was the object of an 
international research project undertaken by 
sorne of the Member countries of the OECD 
Nuclear Energy Agency from 1983 to 1989. It 
was the only reactor test facility in the world 
to use nuclear fuel and to allow a complete 
simulation of the most serious kind of nuclear 
accidents, those which involve the loss of 
coolant from the reactor. 

The OECD/LOFT project has enabled scientists 
and engineers to better analyse the phenomena 
associated with severe reactor accidents, and 
made significant contributions to their 
prevention and mitigation. The Open Forum 
presented the accomplishments of the project 
in the context of the overall evolution of 
nuclear safety and of the benefits of 
international co-operation in nuclear research. 

430 pages 
ISBN 92-64-03339-4 
f 27. 00 US$ 47. 00 FF 225. 00 DM 88. 00 
V 7900 

In Situ Experiments Associated with the 
Disposal of Radioactive Waste 
(Proceedings of the 3rd NEA/SKB Symposium 

on the International Stripa Project, Stockholm, 
1989) 

The International Stripa project was launched 
in 1980 under the auspices of the OECD 
Nuclear Energy Agency at the disused Stripa 
iron-ore mine in Sweden to study the ab il it y of 
crystalline rock to isolate radioactive waste. 
This is the third in a series of proceedings 
from Symposia held since then to review 
progress in the three main areas covered by the 
Project: 1) the development and improvement 
of site assessment methods and concepts ; 
2) characterization of the Stripa granite and 
validation of concepts for groundwater flow 
and radionuclide transport through fractures ; 
and 3) techniques and materials for the 
engineered sealing of possible groundwater 
flow paths through crystalline rock. 

330 pages 
ISBN 92-64-03333-5 
f 25 .00 US$ 45.00 FF 210.00 DM 82 .00 
V 7400 

GEOVAL-90 - Validation of Geosphere Flow 
and Transport Models 
(Proceedings of NEA/SKI Symposium) 

It is planned to dispose of high-level radio
active wastes in deep geological formations. To 
assess the long-term safety of radioactive waste 
disposaI systems, mathematical models are 
used to de scribe groundwater flow, chemistry 
and potential radionuclide migration through 
these formations. Establishing the validity of 
such models is important in order to obtain the 
necessary confidence in the safety of th e 
disposaI method . The papers in these 
proceedings of the GEOVAL-90 Symposium 
describe the current state of knowledge on the 
validation of geosphere flow and transport 
models. 

680 pages 
ISBN 92-64-03343-2 
f 50.00 US$ 88.00 FF 420 .00 DM 165.00 
V 15000 
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Nuclear Energy - Communicating with the 
Public 

Information and communication with the 
public often appear to be the "Achilles' heel" of 
nuclear energy, despite the considerable effort 
devoted to them. This report is based on the 
conclusions of several workshops organised by 
the OECD Nuclear Energy Agency for public 
information specialists. It discusses the 
princi pIes and practices leading to better 
communication with the public in four nuclear 
energy fields: radiation protection, 
radiological emergencies, routine operation of 
nuclear plants and radioactive waste 
management. 
96 pages 
ISBN 9Z-64-Z3456-X 
f 11.00 US$ ZO.OO FF 95 00 DM 37.00 
11 3300 

Public Information on Nuclear Energy 
[Proceedings of an NEA Symposium, 1990) 

The future role of nuclear energy in the energy 
poli cies of industrialised and developing 
countries will be closely linked to the creation 
of a climate of confidence between the 
authorities and the public, based on clear and 
comprehensible information and the 
establishment of a meaningful dialogue. These 
proceedings present the discussions of a 
workshop devoted to public information, four 
years after Chernobyl, and to new aspects of 
communication regarding nuclear energy in 
OECD Member countries. 
340 pages 
ISBN 9Z-64-03341-6 
f 18.00 US$ 3Z .00 FF 150 00 DM 58.00 
11 5300 

Free Publications 

Paris Convention - Decisions, Recommen
dations, Interpretations [1990) 

Occupational Dose Control in Nuclear Power 
Plants - An Overview 

Nuclear Waste Bulletin, No. 5, June 1990 -
Annual 

Coordinated Research and Environmental 
Surveillance Programme Related to Sea 
DisposaI of Radioactive Waste (CRESP) -
Activity Report 1986-1990 

The International HYDROCOIN Project, 
Level2 : Model Validation 

DisposaI of Radioactive Waste - Can Long
Term Safety Be Evaluated? 
An International Collective Opinion 

NEA Issue Brief No. 7, December 1990 - Small 
and Medium Reactors (SMRs) 

Influence of Seasonal and Meteorological 
Factors on Nuclear Emergency Planning 
[Report by a Group of Consultants , 1991) 

DisposaI of Radioactive Waste - The 
International Probabilistic System Assessment 
Group - Background and Results [1991) 
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2-3-4 Akasaka. Minato-ku 
Tokyo 107 Tel. (81.3)3586.20 16 
Telefax : (81.3)3584.7929 

Korea - Corée 
Kyobo Book Centre Co. lId. 
P.O. Box 1658, Kwang Hwa Moon 
Seoul Tel. (REP)730.78.91 
Telefax: 735.0030 

Malaysia/Singapore - Malaisie/Singapour 
Co-operalive Bookshop lId . 
University of Malaya 
P.O. Box 1127, Jalan Pa nlai Baru 
59700 Kuala Lumpur 
Malays ia Tel. 756.5000/756.5425 
Telefax : 757 .3661 
Information Publications Pte. Ltd . 
Pei-Fu Industrial Building 
24 New Industrial Road No. 02-06 
S ingapore 1953 Tel. 283 .1786/283. 1798 
Telefax: 284.8875 

Netherlands - Pays-Bas 
SDU Uilgeverij 
Christoffel Plantijnstraat 2 
POSI bus 200 14 
2500 EA's-G ravenhage Tel. (070 3)78.99.11 
Voor beste ll ingen: Tel. (070 3)78.98 .80 
Telex: 32486 sldru Telefax: (070 3)47.63 .51 

New Zealand - Nouvelle-Zélande 
GP Publicalions lId. 
Customer Services 
33 The Espla nade - P.O. Box 38-900 
Pelone, Wellington 
Tel. (04)685-555 Telefax: (04)685-333 

Norway - Norvège 
Narvesen Info Center - NIC 
Bertrand Narvesens vei 2 
P.O. Box 6 125 Ellerslad 
0602 Oslo 6 Tel. (02)57 .33.00 
Telex: 79668 NIC N Telefax: (02)68.19 .0 1 

Pakistan 
Mirza Book Agency 
65 Shahrah Ouaid-E-Azam 
La hore 3 Tel. 66839 
Telex: 44886 UBL PK. AlIn: MIRZA BK 

Portugal 
Livraria Portugal 
Rua do Carmo 70-74 
Apart . 2681 
1 11 7 Lisboa Codex 
Telefax : (01) 347.02.64 

Tel. : 347.49.82/ 3/ 4/ 5 

Sinj!apore/Malaysia - Sinj!apour /Malaisie 
See ~alaysia/Singapore" - Voir .. ~alaisie/Si ngapour. 

Spain - Espagne 
Mundi-Prensa 1.ibros S.A. 
Castel lo 37. Aparlado 1223 
Madrid 28001 
Telex : 49370 MPLI 
libreria Internaciona l AEDOS 
Consejo de Ciento 39 1 
08009- Barcelona 
Telefax: (93) 317.01.41 

Tel. (91) 431.33 .99 
Telefax: 575.39.98 

Tel. (93) 301.86.15 

Sri Lanka 
Centre for Policy Research 
cIo Mercantile Credit Ltd. 
55, Janadhipathi Mawatha 
Colombo 1 
Telex : 21 138 VAVALEX CE 

Tel. 438471-9_ 440346 
Telefax : 94.1.448900 

Sweden - Suède 
Fritzes Fackboksforetaget 
Box 16356. S 103 27 STH 
Regeringsgatan 12 
DS Slockholm 
Telex: 12387 

Tel. (08)23 .89.00 
Telefax : (08)20.50.21 

Subscription Agency 1 Abonnements: 
Wennergren-Williams AB 
NordenHychtsvagen 74 
Box 30004 
10425 Slockholm Tel. (08)13.67.00 
Telex: 19937 Telefax : (08)6 18.62.36 

Switzerland - Suisse 
OECD Publications and Information Ccntre 
Schedestrasse 7 
DW- 5.1oo Bonn 1 (Germa ny) Tel. (49.228)2 1.60.45 
Telefax : (49.228)26.11 .04 
librairie Payot 
6 rue Grenus 
1211 Genève Il Tel. (022)731.89.50 
Telex: 28356 
Subscription Agency - Service des Abonnements 
Navi lle S.A. 
7, ruc Lévrier 
1201 Genève Tél. : (022) 732.24.00 
Telefax: (022) 738 .48.03 
Maditec S.A. 
Chemin des Palettes 4 
1020 Renens/Lausa nne 
Telefax : (021 )635.07 .80 

Tel. (021 )635.08.65 

United Nations Bookshop/ Libra irie des Nations-Unies 
Palais des Nations 
1211 Genève 10 Tel. (022)734.60.11 (exl. 48.72) 
Telex: 289696 (Alln : Sales) Telefax : (022)733.98.79 

Taiwan - Formose 
Good Failh Worldwide InCl. Co. lId. 
9lh Floor_ No. 118. Sec. 2 
Ch ung Hsiao E. Road 
Taipe i Tel. 391.7396/391.7397 
Telefax: (02) 394.9176 

Thailand - Thailande 
Suksit Siam Co. Ltd . 
17 15 Rama IV Road, Samyan 
Ba ngkok 5 Tel. 251. 1630 

Turkey - Turquie 
Kültur "?"ay inlari Is-Tü rk Ltd . Sti. 
Alatürk Bulvari No. 19 1/ Kal. 21 
Kavaklidere/ Anka ra 
Dolmabahce Cad. No. 29 
Bcsiktas/ lsta nbul 

Tel. 25 .07.60 

Tel. 160.71.88 
Telex : 43482B 

United Kingdom - Royaume-Uni 
HMSO 
Gen. enqui ries Tel. (071) 873 00 Il 
Postal orders onl y: 
P.O. Box 276. London SW8 5DT 
Persona l Ca liers HMSO Bookshop 
49 High Holborn , London WC IV 6HB 
Telex: 297138 Telefax : 07 1 8738463 
Branches at: Belfast. Birmingham. Bristol, Edi nburgh. 
Manchester 

United States - États-Unis 
OECD Publications and Information Centre 
200 1 L Slreel N.W .. Suile 700 
Washinglon. D.C. 20036-4095 Tel. (202)785.6323 
Telefax : (202)785.0350 

Venezuela 
Libreria dei Este 
Avda F. Miranda 52. Apldo. 60337 
Edificio Galipan 
Caracas 106 Tel. 95 1.1705/ 951.2307/ 951. 1297 
Telegram: Libreste Ca racas 

Yugoslavia - Yougoslavie 
Jugoslovenska Knjiga 
Knez Mihajlova 2. P.O. Box 36 
Beograd Tel. : (011)621.992 
Telex : 12466 jk bgd Telefax : (0 11 )625.970 

Orders and inquiries from countries where Distributors 
have not yet been appointed should be sent to: OECD 
Publicat ions Service. 2 rue André-Pasca l, 75775 Paris 
Cedex 16. France. 
Les commandes provenant de pays où l'OCDE n'a pas 
encore désigné de distributeur devraient être adressées à : 
OCDE. Service des Publications, 2, rue Andrê·Pascal. 
75775 Paris Cédex 16. France. 
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