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The first unit of the Laguna Verde nuclear power plant is in commercial operation since 1990. 
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1 K. UEMATSU* 

MEXICO JOINS THE NUCLEAR ENERGY AGENCY 

O n 1 May 1994. Mexico joi ned the OECD, and 
became the 25 th Member of the NlIclear Energy 
Agency. This major event, coming jllst one year 

arter the accession of the Repllblic of Korea to the NEA, 
testifies to the desire of the Agency to widen its ti es with 
emerging dynamic economies worldwide which share the 
views and principl es of OECD Members rega rdin g 
economic development and multilateral co-operat ion and, of 
course, are interested in sharing knowledge and experience 
in the safe use of nllclear power. 

ln the same way as the OECD helps like-minded nations 
to reinforce their own economic growth and social progress 
by working together on relevant policies, the NEA has as a 
major objecti ve to funher the development of nllclear power 
as a safe, economic and environmentally acceptable energy 
source, through co-operation among its Members. 

Il is therefore particularly significant that Mexico, which 
has beco me an important playe r on the internationa l 
economic scene, has also turned its attention to the area of 
nuclear energy co-operation among industrialised countries. 
It is indeed not sllrpri sing that this new Member country, 
which has had impressive growth in its GNP in recent years, 
has included nuclear power in its energy strategy to help 
meet rapidl y risi ng energy demand, and help minimise some 
of the important atmospheric pollution problems linked with 
high-population growth, a rapid rate of industriali sation, and 
significant migration to urban areas. 

THE MEXICAN NUCLEAR POWER PROGRAMME 

The CUITent National Energy Plan issued in 1990 calls for 
a red ucti on in oil dependency, mainl y through energy 
sav ings, rational use of energy and the development of other 
sources. Di versification of energy sources has been pursued 
through the electric sector, including geothermal , coal and 
nuclear energy fo r the generation of electricity. As regards 
nuclear energy, the National Energy Pl an ca ll s for th e 
production of 3.0 to 6.9 megawatts electrical of nucl ear 
ori gin by the year 20 10; however, several fac tors, including 
changes in the national economic situation and shi fts in 
publ ic opini on regarding nu clea r power, have led to 
postponing a new nuclear power plant order. 

Currentl y Mexico has one nuclear power plant, Laguna 
Verde, located on the Gulf of Mex ico, consisting of two 

'DR. KUNIHIKO UEMAT5U 15 OIRECTOR-GENERAL OF THE NEA. 

units of 654 MWe eac h. The fir st unit has operated 
commerciall y since 1990 and started its fourth operating 
cyc le in March 1994. Unit 2 is undergoing the last steps of 
pre-operational testing; commerci al operation is expected 
in 1995 . 

Both units wi ll operate in base load. Unit 1 has achieved 
capacity factors above 70% during the past three operating 
cycles; in the last operating cycle, it reached an availability 
of 90.3%, and its capacity factor came close to 85%. 

FUEL CYCLE 

Although Mex ico has uranium reso urc es of about 
10,000 tU, ail exploration and mining activities have been 
suspended , due to th e low cost of uranium currently 
avail ab le on the world market. For the coming years the 
necessary uranium for reloads of Laguna Verde wi ll be 
obtained in the world market since currently there are no 
current plans for producing uranium in Mexico. 

Uranium is bought either as hexafluoride or as 
concentrates th at are co nve rted to hex afluoride by 
Comurhex in France , under a long-term co ntrac t. 
Enrichment services are provided by the U.S. Department of 
Energy, also under a long-term contract. Fuel fabrication is 
currently al so done in the Uni ted States by General Electric. 
Four assemblies supplied by Siemens Corporation are being 
tested in the present cyc le of Unit 1 of Laguna Verde and 
there are plans to test also fo ur assembli es supplied by 
ABB-ATOM in the near future. 

A fuel fab rication pilot plant is about to start operation at 
the Nuclear Research Institute (ININ) using technology 
provided by General Electric. This pilot plant cou Id produce 
up to 20 fuel assembli es pel' year for the Laguna Verde 
reactors. However, after some experience is ga ined with the 
operation of the plant and the fuel produced, the plant will 
probably be shut down , as there are no sound economic 
reasons to sustain its continuous operation. 

RADIOACTIVE WASTE MANAGEMENT 

An interim repos itory ex ists in Mexico for ail the low
and intermedi ate-Ievel was tes produced in medical and 
industri al 'radioisotope appli cati ons. This repository will 
have to be replaced by a permanent one in the future. 
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MEXICO JOINS THE NUCLEAR ENERGY AGENCY 

Mexico joined the OECO on 1 May 1994 and beeame at the same time the 25th Member of the Nue/ear Energy Ageney. 

For the Laguna Verde plant, the high-level waste is being 
stored on site. As for the low- and intermediate-level wastes 
produced by the plant , detailed site studies are now 
underway at the plant site itself in order to determine the 
engineering design basis for a "triple-barrier" repository 
using a French approach . The repository is planned to have 
capacity for the wastes generated during the operating life 
of at least four nuclear reactor units, and could also include 
the waste generated by th e medical and industrial 
radioisotope applications in the country. 

As for the spent nuclear fuel, the cllrrent plans are to store 
it at the reactor pools , which have been re-racked to 
increase the original capacity in order to accommodate the 
spent fuel that the reactors wi ll prodllce dllring their 
expected operating li ves. This plan allows time to take a 
more definite decision, depending on future developments 
in uranium avai lability and priee, expansion of the Mexican 
nuclear power capacities, new technologies, etc. 
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NUCLEAR RESEARCH AND DEVELOPMENT 

For its nuclear R&D, the country relies mainl y on two 
national research laboratories, namely the National Nuclear 
Research Institute (IN IN) and the Institute of Electric 
Research (IlE). However, some minor efforts are devoted al 
the National Commission of Nuclear Safety and Safeguards 
(CNSNS - Comisi6n Nacional de Seguridad Nliclear y 
Salvaguardias) to spec ific iss ues in order to provide 
technical support to the deci sion process in matters related 
to licensing and regulation of nuclear and radioactive 
installations. 

So far most efforts have been applied to developing the 
capability, first, to implement reliable tools of analys is, and 
second, to successfully applying them. Three main fields 
have rece ived attention : nllclear thermohydralilics of 
boilin g-wa ter reac tors (BWR ), core neutroni cs and 



MEXICO JOINS THE NUCLEAR ENERGY AGENCY 

probabili sti c safe ty analys is. A parti cul ar tas k was 
successfull y completed by the IlE regarding the design and 
construction of a full-scope operational plant simulator for 
the Laguna Verde Nuclear Power Plant. Sorne preliminary 
consideration is also being given to projects on artificial 
intelli gence and fracture mechanics, as applied to BWR 
nuclear power plants. 

The main research fac il iti es are located in a nuclear centre 
near Mexico City. The centre has been in operation since 
1968 and has among its fac ilities al-MW research reactor, 
a 12- MeV Tand em Van de Graaf acce lerator, a 
500,000 curi e gamma irradiator, a metrology centre for 
ionising radiation and the fuel fabrication pilot plant. 

THE REGULATORY STRUCTURE 

The utili sa ti on of nuclear energy for power and heat 
generati on is reserved by law to the Mexican State. The 
Secre tari at of Energy, Mines and Paras tate Indu stry 
(SEMIP) is in charge of regulating its use in the country 
through the CNSNS which is the specialised technical body 
in charge of regul ating nuclear and radiological safety, 
phys ica l securit y and safeg uards for ail nuclear and 
radioacti ve fac ilities in the country. 

The CNSNS manages its own budget and personnel, and 
operates its own radi ological environmental monitorin g 
laboratori es to veri fy independently the operation of the 
nuclear fac ilities in the country. 

The radiological protecti on regul ations of Mexico are 
based on the recommendations of the International Atomic 
Energy Agency (IAEA) and the International Commission 
on Radi olog ica l Protect ion (lCRP-26). Currentl y an 
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evalu ation is being co nducted to determine wh at the 
strategies for implementing the ICRP-60 and the new Basic 
Safety Standards of the lAEA in the country, as weil as the 
ensuing implications. 

For nuclear safety, the CNSNS fo llows the NUSS Guides 
of the IAEA, and for Laguna Verde, it applies also the 
regulations of the U.S . Nuclear Regulatory Commission. 

The Federal Electricity Commi ssion (CFE - Comisi6n 
Federal de Electricidad) is the state-owned national utility 
and is the only entity in the country that can utili se nuclear 
materials to generate nuclear power. The policies for its use 
are defined by the SEMIP. 

NON-PROLIFERATION STATUS 

One of the principles of Mexi can foreign policy is to 
support nuclear di sarmament, and Mexico has taken a 
strong stand against the pro Li feration of nuclear weapons. In 
fact, Mexico is largely responsible for the existence of the 
Treaty fo r the Prohibition of Nuclear Weapons in Latin 
America, also known as the Tlatelolco Treaty, to which it is 
a party. 

Mexico is also a party to the Non-proliferation Treaty 
(NPT) and is subj ect to IAEA safeguards under both 
treaties. 

Currentl y, to strengthen the effec ti ve ness and the 
effi ciency of the IAEA safeguards system, Mexico has 
voluntarily agreed to noti fy the imports and ex ports of 
nuclear material and imports of equipment and non-nuclear 
material. 
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G.H. STEVENS· 

NUCLEAR POWER IN THE CONTEXT 
OF THE IEA'S WORLD ENERGY OUTLOOK 

Ear'ier this year the International Energy Agency (IEA) issued an update of its World Energy Outlook (1). This looks 
forward over the period to 2010 and suggests what might be the pattern of energy consumption if current trends 
and policies were to continue. The projections combine results of econometric model/ing with a number of imposed 

assumptions about some trends. The aim was to il/ustrate one of a number of outcomes that could arise, in order to 
stimulate debate about energy policies. 

The salient features of the latest update are that, under the conditions assumed, by 2010 the world wil/ be consuming 
47% more energy than it was in 1991. Electricity would be the most rapidly growing use of energy, exceeding Gross 
Oomestic Product (GOP) growth in many countries, and particularly in non-OECO countries, the former Soviet Union (FSU) 
and Eastern Europe, label/ed as "Rest of World" (ROW), where it is predicted on average to double. This is linked with a 
world GOP more than 70% higher than in 1991, and it is this which more than any other factor drives the increased energy 
demand of 28 % overal/ in OECO countries and even higher growth, at 5.3 % a year, in the ROW. 

World consumption of coal would grow by 2. J % a year. Europe would become increasingly dependent on imports. In the 
ROW, coal demand would grow at 3.8% a year, with China accounting for half the incremental demand. Gas consumption 
would continue to ri se at 2. J % in the OECD area (over half the increase going to the power generation sector), while in 
ROW countri es the growth rate would be 5.6%. On these bases it is expected that the gas market in the United States wo uld 
tighten after 2000 and Western Europe would require new infras tructure fo r the deli very of remote supplies late in the 
forecast period, although being able to count on North Sea, FSU and Aigerian sources for the next 10 years. Oil demand in 
the OECD area would be some 18% higher than in J 99 J but the OECD's share of the worid 's oi l consumption would drop 
from 56% to 47%. One outcome of these predicted changes is an increase of 50% in the an nuai world emissions of carbon 
dioxide (C02) by 2010. Emiss ions in ROW would more than double, and CO2 emissions in OECD countries wo ul d 
continue to ri se. Under alternati ve low economic growth assumptions used by the IEA there would not be a fundamental 
change in the picture for CO2 emissions. 

These reference predictions are associated with particular assumptions on price (oil ri sing to $28 by 2005 from $17; coal 
generally stable, although rising by 20% in the United States; gas rising to $3.30 per thousand cubic feet by 2005 in the 
United States, from $1.73 in 1991 , and keeping pace with oil prices in Europe and Japan). Economic growth assumptions 
include 2.6% a year on average in the OECD Pacific, 2.3% in North America, and 2.2% in OECD Europe. For Central and 
Eastern European cOllntries (CEEC) and the FS U, GDP is assllmed to increase by a third from J 990 to 20 10. However, 
economic growth would be greatest in the ROW with China attributed 7.9% and East Asia 6.2%. 

It is calculated that there would be an incremental demand of 620 GWe in the OECD area and 835 GWe in the ROW for 
power generation capacity. The picture is less c1ear in the FSU and CEEC in view of the great structural changes taking 
place in their economies. Overall , the share of non-foss il fuels is expected to decline. Certainly, for the world as a whole 
the expansion of nuclear, hydro, and other renewable sources of electricity generation is not expected to keep pace with the 
growth in demand. In line with the constraint of applying current policies, however, there is not much credence given in thi s 
Outlook to increases in nuclear capacity, and it is commented that the "prospects for nuclear power in the OECD are highly 
uncertain". Nevertheless, there appears to be considerable scope for nuclear vendors to deploy their wares; note that the 
installed nuclear capacity in the OECD at 31 December 1993 was 28 J GWe (2) and for the whole world, 338 GWe (3). The 
reference scenario used by the IEA, however, includes onl y 413 GWe for the world total by 20 10, much of the growth 
coming in France, Japan and the Republic of Korea. 

Setting aside for a moment the question of public acceptability of nuclear power, the main question fo r the futu re is 
whether the electricity generation companies will wish to continue to use and to invest in nuclear power plants. That is an 
economic question with the answers parti y determined by views on the likelihood of obtaining a better return from a nuclear 
investment th an from alternati ves, and on the financial ri sk. 

'MR. GEOFFREY STEVENS IS HEAD OF THE NEA NUCLEAR DEVELOPMENT DIVISION. 
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NUCLEAR POWER IN THE CONTEXT OF THE IEA'S WORLD ENERGY OUTLOOK 

The assumptions on priees built into the World Energy Outlook indicate that in pure cost terms there would be more rather 
than less scope for deployment of nuclear power during the forecast period. As was shown in the joint NEA/IEA study 
published in December 1993 on comparati ve costs of electricity generation (4), an increase in gas priees of 25% while 
nuclear fuel cycle priees remained constant would eliminate gas from competition with nuclear in ail but one of the 
countries fo r which data was collected. The prospect of a significant ri se in gas priees, at least in Europe, also emerges 
from a reeent study by UNIPEDE (5). Their expert group suggested that stable gas priees were not compatible with the use 
of gas for electricity generation growing at a somewhat lower rate than that postulated in the World Energy Outlook. 

A number of recent NEA studies bear on the question as to whether nuclear fuel costs will increase. The latest NEA Red 
Book (6) points out the large amounts of uranium reserves available at relatively low cost. It is possible that there may be 
some transitional upswings in uranium priees when the 
uranium markets tighten around the end of the century, if 
there has not been a reasonable and timely investment in 
reopening mothballed or starting up new mines and milling 
fac ilities. There are currently surpluses of capacity in sorne 
of the front-end industries that are concerned with the 
prod ucti on of fuel from raw uranium . These may not 
pe rsist over th e period covered by the Outlook. The 
industries coneerned, however, are fully mature; they invest 
in new plant and engage in material and co st improvement 
as part of their competiti ve strategies. The improvement of 
fuel burnup in reactors has contributed about a fifth of the 
40% reduction in projected Iifetime levelised fuel cycle 
costs fo r a large pressurised- water reactor that has been 
identi fied in the compari son of the latest report on the 
Economics of the Fue ! Cycle (7) as compared with 
expectati ons reported in 1985. There are grounds fo r 
believ ing that a portion of this latter cost-reduction trend 
can continue, even if not at the same rate. While, therefore, 
there may be sorne increases in nuclear-fuel costs, there are 
market forces to constrain them. In any case, as shown in 
the comparati ve cost studies (4), nuclear fuel costs fo rm a 
relati vely small part of the overall electricity generation 
cost compared with generation using fossil fuels. 
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The major part of nuclear generation costs is attributable 
to investment in the reactors. Progress is being made in 
simpli fy ing designs, reducing the number of components to 
be procured and assembled, as weil as reducing the amount 
of construction materi al. Licensing processes have also 
been streamlin ed in some co untri es. Ali thi s goes to 
shorten construction time, which is itself a great advantage, 
gi ven the high costs of interest charges for fin ancing the 
projects. 

~~~~~~7:::~::~~~~~==~==~~~~~~~~~~~~jN 0 
The International Energy Agency estima tes that, by 2010, world 
energy demand will be nearly 50% higher than in 1991 . 

The thi rd major contribution to nuclear costs is the 
"operation and maintenanee" (0 & M) component. In sorne countries, notably the United States, the tendency in the 1980s 
was of rapidly rising O&M costs, dri ven in part by utility reactions to new regulatory requirements. There is sorne evidenee 
to suggest that these trends have been halted or at least substantially weakened. Overall , therefore, there is a good prospect 
that nuclear generation costs will not be increasing. 

The World Energy Outlook suggests that there will not be any significant penetration of renewables over the period 
considered, even though growth rates for sorne of the new technologies will be high. A brief look at other alternati ves 
shows that, apart from the fuel-cost component, there has been and will be a trend for costs to come down with the adoption 
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8 NUCLEAR POWER IN THE CONTEXT OF THE IEA'S WORLD ENERGY OUTLOOK 

of new technology. At the same time there will be sorne abatement of increases in the fuel cost per kilowatt-hour, as there 
will be a considerable improvement in efficiency. There can be no grounds for suggest ing that the market will fall into the 
lap of the nuclear reactor-vendors purely on cost arguments. Furthermore, their share of the market will not be determined 
solely by the cost factors discussed so far. 

Another main element in the thinking of the electricity producers will be their view on the ri sk associated with the 
investment. In addition to the technical risk, which in the case of nuclear is associated very largely with the potentially 
crippling economic impacts of very low frequency 
events, there are a number of other risks that utility 
executives can be expected to weigh very carefully. 

There has been a history of markedly over-optimistic 
forecasts of electricity-demand growth that will 
predispose decision-makers to look for investments in 
small capacity additions. The change of ownership 
structure that is taking place in many OECD countries is 
leading to demand s for higher return s on capital 
invested, and is a further incentive to look for small 
investments with quick returns. With the change in 
ownership, there has come, at least in sorne countries, a 
change in the economic regulatory regime, which in 
itself could be expected to induce caution over long
term investments. The effect of past uncertainty in 
nuclear regulation in sorne countries is certainly a 
cautionary tale that is likely to have its effect more 
widely. We should also pay attention to a demographic 
factor - the decision-makers are increasingly coming, 
not From a generation of engineers who, early in their 
careers, were exposed to the concept of nuclear power as 
an economic, reliable energy source for the future, but 
from a later cohort of engineers and other professionals 
who have been exposed to a number of difficulties 
related to nuclear power programmes. These include 
experience of coping with nuclear accidents or with the 
public reaction to them; of prolonged negotiations over 
siting proposais for power plants and waste repositories; 
and with public anxieties over provi sions made to 
manage historie li abilities. This background can be 
expected to induce fairly cautious attitudes about nuclear 
energy. 

New energy sources, such as this wind power generator, have 
been developed in several countries but the expansion of nuclear, 
hydro, and other renewable sources of electricity generation is not 
expected ta keep pace with the growth in demand. 

Thus there is foundation enough for the postulated low nuclear expansion in the World Energy Oullook, even in the so
called "high nuclear" case. However these scenarios do imply a far from negligible nuclear construction programme, as 
over the next 15 years it can be expected that between about 110 and 50 GWe wi ll be withdrawn, depending on whether a 
30-or-35-year average life is assumed for reactors (8). To the extent that plant Iife management programmes succeed there 
will, of course, be less pressing need for construction of replacement capacity. 

It should also be recalled that the scenarios assume that government policies remain unchanged. Gi ven the large rises in 
oil use and CO2 emissions that fo llow from the assumptions, both of which run counter to goals that are shared by the 
governments of the IEA, there is a considerable incentive to bring in new policies. Indeed the World Energy Outlook notes 
that there have already been significant policy changes since the 1993 edition of the World Energy OUI look was produced, 
and it is "highly unlikely that the same policies that are in place today will be in place in 2010". The intriguing question 
then arises as to whether the policy changes will result in a greater recourse to nuclear energy. 
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NUCLEAR POWER IN THE CONTEXT OF THE IEA'S WORLD ENERGY OUTLOOK 

There is no doubt that there is the physical possibility of construcling greatly increased nuclear capacity; the rate of 
constructi on achieved during the 1970s and early 1980s led to the connection to the grid of 33 reactors in 1985 and again in 
1986. It would take a Iittle time to work up to the same rate but the experience of the 1960s and 1970s suggests that it 
wou ld be reasonable to ass ume that by 2000 orders for a capaci ty increment of at least 15 GW/a could be accommodated by 
the industry, wi th that rate rising to 30 GW/a by 2005 if not earlier. Achjevement of these rates would be contingent on 
policy changes that gave confidence that there would be a continuing stream of orders. 

Given the lead times for acquiring sites, Iicensing designs and for actual construction, however, it could be extremely 
cha llenging to approach the scenarios ' postulated nuclear capacities. For example, taking the assumptions that current 
reactors last on average 35 years, that current ordering plans do not change markedly before 2000, and that 54 GWe is 
ordered from 2000 to 2003 with lead times of seven years to grid connection, there would sti ll be only about 383 GWe 
avai lable in 20 10, somewhat short of the World Energy Outlook's reference case. Achievement of the postulated scenario 
would then require an intensive effort to manage nuclear plants to prolong their expected li ves. 

ln this Iight the Wortd Energy Outlook appears to be placing quite strong reliance on construction of new nuclear power 
plants. Perhaps thi s view is condi tioned by the di fficulties seen in adopting other means of reducing dependence on oi l and 
of limiting carbon dioxide emissions. There is already built into the "Reference Scenario" an improvement in energy 
efficiency, leading to a decrease of energy intensity by a linle over 1 % per annum. An "Efficiency Case" is also presented 
that takes into account much greater penetration of the energy efficient technology that is already available, as weil an 
allowance for further technological progress. While one outcome of this Case is that a fairly close approach to stabilisation 
of carbon dioxide emissions at the 1990 level would be poss ible, the report suggests that this would not be cost-free, 
requiring a "dramatic shift in capital stock, transportation means and household appliances at a considerably faster rate than 
wou Id be achieved under 'business as usual' circumstances". 

Another case that is analysed is that of introduci ng a carbon tax at $100 or $300 per tonne of carbon. The models used 
suggest that the $300 tax, introduced in 1995 at $100 with subsequent annual increments of $13, have such an effect on the 
demand side that emissions of carbon dioxide in the OECD area would be held below Il billion tonnes at least to 20 10, 
compared wi th 1990 emissions of 10.4 billion tonnes. The report points out that the ex istence of "backstop technologies" 
wou ld impose Iimi ts on the level 10 which a carbon tax would need to ri se but this effect was not explored in the report. 

[t is relevant to note that one already available backstop technology is nuclear power. The potential for sti mulating 
greater use of this source of CO2-free energy is indicated by the impact shown in the World Energy Outlook of a $100 
carbon tax on fossi l fuel prices in 2010. 

Depending on the OECD region considered, fuel s for power generation would rise in price as follows: 

heavy fuel oi l: 33 to 56 %; natural gas: 25 to 46 %; hard coat: 92 to 185 %. 

Referring back to the comparative co st analysis presented above (4), it is c1ear that there would be considerable economic 
incentive to resort to nuclear power if this tax were included in the governments' policy responses. It seems reasonable to 
suggest that, as an even greater change in energy use is required th an would be provoked by thi s tax level, any set of 
government policies that is to approach the targets that have already been adopted will need to allow for a considerably 
ex panded use of nuclear power. 

The World Energy Outlook points out that the additional amount of nuclear power included in the "High Nuclear 
Scenario" does not make a significant difference to the increased level of carbon dioxide emissions (46% up between 1990 
and 20 10, rather than 47.6% up fo r the "Reference Scenario") . It also points out that even the Energy Efficiency and 
$300/tonne Carbon Tax Cases do not stabilise CO2 emissions by 20 10 and shows them rising at that time. 

Nevertheless, the figures seem to impl y that the 413 GWe of nuclear capacity included in the "Reference Scenario" 
prevent the emission of about 2.1 billion tonnes of CO2 in 20 10, and this is close to one tenth of the world's energy related 
em iss ions of CO2 in 1990. Thus the postulated use of nuclear power would be a significant factor in reducing 
CO} emjssions, even without a major change of government policies. 
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NUCLEAR POWER IN THE CONTEXT OF THE IEA'S WORtD ENERGY OUTtOOK 

It may already be too late for governments and industry to take decisions that would lead to nuc1ear power having a much 
greater impact by 2010 but there is a c1ear need to intensif y efforts beyond that time to curb greenhouse-gas emissions and 
other environ mental impacts of energy use. It is not too soon to be working on means to compare those impacts from 
different energy sources, to consider the many different ways in which nuc1ear expertise can be preserved and deployed, and 
to be preparing decisions on the role of nuclear energy in the next century. These topics will continue to be central to the 
work of the NEA. 
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1 O.ILARI* 

COLLECTIVE OPINION ON RADIATION PROTECTION 

l n 1993 the NEA Committee on Radiation Protection and Public Health (CRPPH) launched a major reflection exercise 
on the present status of radiation protection and its expected trends in the future . The initiative, considered 
particularly appropria te in the current climate of promising scientific developments and significant policy evolution, 

was strongly supported by Member countries. The result was a thorough review of the current situation and achievements 
in the scientific, conceptual and operational aspects of radiation protection, and a far-reaching appraisal of the 
developments anticipated in these areas in the short and medium term. The CRPPH published its collective opinion in 
1994 as an OECD/NEA Report entitled Radiation Protection Today and Tomorrow. The Executive Summary is 
reproduced below. 

Radiation protection concerns the protection of workers, 
members of the public, and patients undergo ing diagnosis 
and therapy, aga in st the harm ful effects of ioni sing 
rad iation. ln order to cope with the expanding radiation and 
nuclear practi ces, and in view of the particular character of 
the radi at ion ri sks, radi ati on protection has developed 
during the last few decades a unique and elaborate system 
of concepts, principles and techniques fo r the prevention 
and control of radiological risks. 

A lat·gely held view in the radiation protection community 
today is th at the degree of sc ienti fic knowledge whi ch 
serves radiation protection so far constitutes an acceptable 
basis fo r a conservati ve system of protection. For example, 
the CUITent level of scienti fic knowledge resulting from the 
epidemi olog ica l study of the Hiroshima and Nagasa ki 
atomi c bomb survivors and other groups of people has 
all owed the protec ti on ex perts to establi sh a number of 
ass umpti ons about the dose-effec t relati onships 
(e.g., Iinearity of the dose-effect curve without a threshold) 
which resulted in a reasonable choice of a ri sk factor for 
effects such as cancer inducti on. However, there is a 
growing fee ling that future scientific advances in biology 
mig ht res ult in oth er breakthroughs in fund amental 
scienti fic kn ow ledge capabl e of affec ting radi ati on 
protecti on principles and doctrine. These advances could 
lead to changes in the dose-effect relationship and the risk 
models, and provide genetic analysis technjques capable of 
specifica lly identi fy ing radiation-induced tumours above the 
general background of cancer incidence. Consequentl y, 
these scientific advances cou Id have a profound effect on 
many aspects of radi ati on protec ti on, e.g., the cost of 
protection. 

Th e prese nt co nce ptu al fr amework for radi ati on 
protecti on, as proposed by the International Commission on 

1 
' DR. OSVALDO ILARI IS DEPUTY HEAD THE NEA RADIATION 
PROTECTION AND RADIOACTIVE WASTE MANAGEMENT DIVISION. 

Radiological Protec ti on (lCRP), prov ides the bas is for 
operational criteria and guidance, applicable to the various 
protecti on situ ati ons (e.g., nuclea r power, medi ca l 
applications of radi ati on, chronic ex pos ure to natural 
radi ati on), whi ch are deve loped by intern at ional 
intergovernmental organisations such as the International 
Atomic Energy Agency (lAEA) and other United Nations 
(U N) age nci es, the Commi ss ion of the Europea n 
Communities (CEC) and OECD/Nuclear Energy Agency 
(NEA). Essentially ail countri es incorporate ICRP concepts 
in their radiation protection regulations and operations. 

Radiation protection concepts can only be implemented 
through an effecti ve infrastructure which includes adequate 
laws and regulations, a weil structured complex of experts 
and operational provisions, and a "safety culture" shared by 
ail those involved with protection responsibilities, from the 
workers up through manage ment leve ls. The OECD 
countries generally have weil established infrastructures for 
radiation protection and the standard of protection across 
the OECD area appears good and sometimes excellent. This 
conclusion is supported by trends showing significant dose 
reduction in many practices through diligent application of 
th e protec ti on principl es in several OECD Member 
countries. A similar conclusion can be drawn for some, but 
not ail countries throughout the rest of the world. 

A fundamental component of radiation protection is the 
ava ilability of adequ ate meas urement equipment and 
techniques as weil as modelling and assessment methods 
and software. These are weil developed for most situations. 
However, the evolution of radiation protection technology is 
ex pec ted to continue with gradu ai improve ments in 
instrumentation, modelling, assessment methods and quality 
control, in parallel with developments in fi elds such as 
electronics, environmental studies and the nuclear industry 
in general. 

Radiation protection is a dynamjc field. Regardless of the 
general statu s of protec ti on, there are a number of 
conceptual and practical issues which still remain open. 
Examples include: better adaptati on of the protec ti on 
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COLLECTIVE OPINION ON RADIATION PROTECTION 

concepts to cope with situation s of chronic exposure 
resulting from natural radiation or contam ination from 
accidents or past practices; de ve loping practical 
methodologies for the assessment and regulation of 
situations where there is a potential for exposure, usually as 
a result of accidents, but with no certainty of occurrence; 
and satisfactorily addressing those radiation protection and 
long-term safety aspects of radioactive waste di sposai 
which continue to be the subject of public controversy. 
Other issues can be expected to be rai sed by some new 
prac tices whi ch are current ly being deve loped or are 
expected to be introduced in the near future. 

Moreover, the social dimension of radi ation protection 
decisions, both in managing work force and in coping with 
the impact of large sca le nuclear operations, including 
possible accidents, is now more fully recognised. lt requires 
the development of better mechanisms for the involvement 
of social parties [labour and employers organisation, citizen 
groups, etc .] and the public in the decision processes and 
the search for a closer integration of the management of 
radiation risks with that of other hazardous substances or 
situations. 

When considering current issues, the prospect of new 
scientific information which might affect important aspects 
of protection , the expansion of radiation and nuclear 
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practices, and changing public attitudes toward risk, it is 
clearly important that the wealth of experti se and resources 
for protection and related fi eld s whi ch has been 
acc umulated so far is preserved in order to continue to 
guarantee adequate and cost-effective protection. 

Alth ough specul ati ve, th ere is a broad move ment 
emerging that might influence radiation protection concepts 
and infrastructures. It is the search to find a common basis 
to manage risk, particularly ri sk from hazardous material s, 
including radioacti ve materials. It is being driven, in large 
measure, by a need to improve allocation of resources. How 
this will affect radiation protection is not clear. Radiati on 
protection concepts and infrastructures often appear to be 
more advanced than are most other systems for protection 
from hazardous materi als. Also , knowledge about the 
effects of radiation is substanti all y greater than for other 
hazardous materials in general. Therefo re, the field of 
radiation protection mi ght lead the way toward a more 
integrated system and better all ocation of resources for 
protection. There are other possible consequences resulting 
from a more integrated system of ri sk management. Better 
all ocation of resources mi ght mean reduced funding for 
radiation protection. However, it would mean that radi ation 
risk cou ld be placed in a more realistic perspecti ve to other 
ri sks when more close ly co upl ed through integ rated 
management. 
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LIABILITY FOR NUCLEAR DAMAGE IN EASTERN EUROPE 
AND INTERNATIONAL CO-OPERATION 

U ntil the mid-1980s, the mere suggestion that the rules in communist countries on liability and financial security 
were perhaps inadequate to cover the consequences of a nuclear accident would have been greeted on the part 
of the countries concerned with incomprehension or possibly indignation. It would have been pointed out that in 

such countries, the State and the Party were responsible for the safety and well-being of workers in ail circumstances, 
without any need for special measures to regulate the allocation of liability or ensure financial cover in the event of an 
accident. Th us, apart from the somewhat special case of Yugoslavia, no Eastern European country was, at that time, a 
Party to the Vienna Convention on Civil Liability for Nuclear Damage (branded as "capitalist", as was the Paris 
Convention), nor had any speciallegislation in this field. 

The acc ident at Chernobyl , in April 1986, was, in this 
sphere as in many others, to lead to a major change in 
approach and to th e mobili sa tion of intern ational co
operation. 

ln acco rdance with normal practice in communi st 
countries, the victims of Chernobyl (i.e. , main ly persons 
evacuated and those involved in c1ean-up operations who 
suffe red injury or material damage) were not compensated 
by means of money payments but rather offered a new 
house or job, increased medical surve ill ance and other 
forms of assistance designed to improve their quality of li fe . 
The Soviet Union 's refusai to countenance any Iiability for 
th e essentiall y eco nomic damage caused in Wes tern 
European countries by radioactive fa llout from the stricken 
reactor, made the international community reali se that there 
were shortcomings in the system of nuclear third party 
liab ili ty, starting wi th the fact that there are not nearly 
enough Parti es to the Vienna Con vention (by reason of its 
regional nature, the Paris Convention is in a somewhat 
di fferent category). A first step to remedy the situation was 
the adoption , two years after the acc ident, of a Protocoll 

introducing a link between the two Conventions; by means 
of the mutual recognition of the benefit of their provisions 
by their respective Contracting Parties, a broadening of the 
geograp hi ca l appli ca ti on of the international system of 
nuclear third party liability was thus achieved. At the same 
time, this has made il more attracti ve for other countries to 
adhere to the Vienna Con vention . 

It was generall y fe lt th at th e signature of the Joint 
Protocol was a first step only on the road lo a fundamental 
rev iew of the nuclear third party liability Conventions. 
There was general agreement that the Vienna Convention, 
designed for worldwide applicati on and having remained 
unchanged since ilS adoption in 1963, should be the first to 
be brought up to date. This task was to be facilitated by the 

' MR. PATRICK REYNER5 15 HEAD OF NEA LEGAL AFFAIR5. 

break-up of the Soviet Empire and the movement, in East 
European countries, towards a market economy, since this 
removed the objection of principle that communist countries 
had to a system of Ii abi lity governed by private law. 

THE VIENNA NEGOTIATIONS 

As a result of these profound changes, the negotiations on 
the revision of the Vienna Convention, conducted within the 
IAEA Standing Committee on Liability for Nuclear 
Damage, in vo lved man y more countries than th e still 
so mew hat limited number of Parties to the Vi enna 
Convention . In additi on to NEA Member countries, 
nat urall y direc tl y co nce rn ed by impro ve ments to the 
international system of nuclear third party liability, many 
ex-communist States attended meetings and took part in the 
di scussions more and more acti vely as their specific weight 
within the Group grew due to their increasing adherence to 
the Vienna Convention. 

The purpose of Ihis short article is not to give a detailed 
account of some five years of complex negotiations about 
the changes to be made to the Convention or about the 
thorny question of a supp1ementary financing mechanism 
fo r compensating nuclear damage2. It may simply be noted 
in passing that on the first point, a reasonably detailed draft 
exists and could in theOl'y be adopted in the near future, 
despite the fact that unanimity has not yet been reached on a 
number of amendments. It should also be poi nted out that 
the key qu estion of the fut ure minimum amou nt of the 
nuclear operator's li ability has still not been settled since 
many countries are reluctant to commit themselves on this 

1. Jo;nt ProIOCO! Re/miJ/g f() the Application of ,he Viel/ lia COIi Vellf;OIl al/d fhe 
Paris emll'elllioll. The Jo int Protocol, adopted o n 2 1 Septe mber 1988, entered 
ÎIl LO fo rce o n 27 Ap ril 1992. Th e re arc 16 Pa rt ies, na mc ly: Bul ga ri a , 
Ca lTlCroun, Ch i le. Croatia. the Czech Rcpubli c. Denmark, EgYPl , ESlOn ia, 
Hun ga ry. Italy. Lithuania. Net he rland s . No rway. Po la ncl. Ro ma ni a a nd 
Swcdcn. The great mujority of Ihese are European coulllries. 

2. The NEA has just pub lishcd a new swcly on Lhis subject, e nti tled Liabiliry alld 
Com pe1lsat io1l Inr Nue/ear Damage: Ali Im erl/atinl/al OvervieH'. 
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14 LlABILITY FOR NUCLEAR DAMAGE IN EASTERN EUROPE AND INTERNATIONAL CO-OPERATION 

point [th e refe rence amount , howeve r, rem ain s th at 
reco mmended by th e NEA Steering Committee to the 
Parti es of the Paris Convention, namely 150 million Special 
Drawing Rights (S DR) of the rnternational Monetary Fund]. 

On the second point, the Standing Comm ittee has worked 
successively on several types of international compensation 
systems but none has, so far, been found acceptable by ail 
delegations concerned. A new proposai, From the United 
States, based on a so mewhat different approach since it 
would take the form of a separate agreement instead of 
being joined on to the ex isting basic Conventions (Paris and 
Vien na), could perhaps represent a breakthrough or, on the 
other hand, complicate the negotiations still further. 

Gi ven these problems and the slow rate of progress, some 
countries were apparently tempted to "separate" the revision 
of the Vienna Convention From the drafting of an agreement 
on supplementary financing , thus mak ing it poss ible to 
conclude the first of the tasks entrusted to the Standing 
Committee. rt is interesting to note that in rejecting this 
option for the main reason th at it would not be enough 

Parties to the Viell lla Conventioll 

Countdes 

A rgentina 

A rmenia (acc.) 

Bolivia (acc.) 

Brazi 1 (acc.) 

Bulgaria 

Cameroon (acc.) 

Chile 

Croatia (succ.) 

Cuba 

Czech Republic (acc.) 

Egypt 

ESlOnia (acc.) 

Hungary (acc.) 

Lithuania (acc.) 

Macedonia (succ.) 

M ex ico (acc.) 

N iger (aec.) 

Peru (ace.) 

Philippines 

Pol and (aec.) 

Romani a (ace.) 

Sioven ia (succ .) 

Date of Ratitication or Accession 

25 Apri l 1967 

24 A ugust 1993 

10 Apri l 1968 

26 Mareh 1993 

24 A ugust 1994 

6 M areh 1964 

23 November 1989 

8 OelOber 199 1 (date of effect) 

25 OClOber 1965 

24 March 1994 

5 November 1965 

9May l 994 

28 July 1989 

15 September 1992 (date of effect) 

8 September 199 1 (date of effect) 

25 Apri l 1989 

24 July 1979 

26 A ugust 1980 

15 November 1965 

23 J anuary 1990 

29 Oecember 1992 

25 June 199 1 (date ofeffect) 

Trinidad and Tobago (aec.) 3 1 January 1966 

Yugoslavia 12 August 1977 

Enlry inro force /2 Novernber /977 

simply to amend the Vienna Convention , the Contract ing 
Parti es to thi s Convention adopted for the first time a 
concerted approach to the general direction the negotiations 
should take. Thi s reaction may al 0 be perceived as 
reflecting a certain di strust of the real intenti ons of the 
Western countries with regard to their pa rticipation in an 
international system of financial support in which, by the 
nature of things, they would be the main contributors. 

It may also be noted that the ori ginal idea - based on 
nuclear legislation in some Western countries and also on 
the intern at ional sys tem for co mpen sa tin g oil 
polluti on damage - that the nucl ea r industry wo ul d be 
invited co llecti vely to make a financial contribution in the 
eve nt of an acc ident causing dam age in excess of the 
capacity for fin ancial coyer of the operator li able, seems 
now to have been more or less abandoned. Shou ld thi s 
prove to be the case, it would be for national governments 
al one to pay for any add itional compensati on for nuclear 
damage, thus increasi ng the con tribution required From 
public fu nd s. As they have pointed out , such a burden 
would be particul arl y difficult for th ose countri es wi th 
limited finances, which is at present the case fo r Central and 
Eastern European countries. 

No matter what difficulties were and st ill are be ing 
encountered in the work on the Vienlla Conventioll. the fact 
remai ns that remarkable progress has been made in recent 
years; in particul ar, the ail but doubling of the number of 
Parties to the Vienna Convention, du e notab ly to the 
adherence of Central European and Balti c countries (see 
Table). Apart From Armenia, however, countries fo rmerly 
part of the US SR (New Independent States: NIS) have not 
so far joined this movement. And yet il would be of capital 
importance to convi nce in particular Russ ia and Ukraine to 
adhere to the Convention (and the Joint Pr% col) . given the 
size of their nuclear power programmes. Another sector in 
which progress must absolutely be made in East European 
countries, is that of insurance. 

INSURING THE NUCLEAR RISK 

The main characteristic of the nuclear insu rance market is 
that it is administered, in each country. by a "pool" bringing 
togeth er the avai lab le fin ancia l capacity of national 
insurance compani es. These pool s, wh ich thus co- insure 
nuclear ri sks (damage to the install ati on and third party 
liability), can then re-insure part of their commitments wi th 
Foreign partners. 

However, fo r the reasons explained at the beginning of 
thi s article, th e co untri es of Eastern Europe had unti l 

~ ..... N .. EA .. N.e.W.S.le.ije. r. F.a.ll. l.9.9.4 ................................................................ 1 
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Severa! Centra! and Eastern European Countries have now joined the Vienna Convention. 

1 

recently chosen not to insure their nuclear installations. This 
policy has changed, and on being asked to help insure these 
install ations, Western insurers indi cated that a necessary 
condition for any participation by them was the creation in 
the countries concerned of insurance pools modelled on 
those which have operated in the West for some 30 years. 
Gi ven the present economic climate and the need to set up a 
general insurance sector, which also requires an appropriate 
legislative framewo rk and the mobili sa tion of national 
fin ancial resources, progress has been slow. However, 
several East European countri es have recently acquired 
nuclear insurance pools, thus giv ing them the opportunity to 
access the international re-insurance market. It is to be 
hoped that thi s example will quickly be followed by the 
other East European countries, even though the creation of 
poo ls wil l not automaticall y reso lve the problem of the 
i nsurabi 1 i ty of certai n installations deemed potentially 
dangerous. 

At the same time, the reluctance of several East European 
countries to accept one of fundamental principles of the 
nuclear third party Ii ab ility system, namely the channelling 
of ail third party li abi lity for nuclear damage to the operator 
in ques tion , is causing se ri ous difficulties which cou Id 
compromi se the endeavours of Western countries to help 
their East European partners to improve the safety of their 
nuclear installations. 

NUCLEAR SAFm AND QUESnONS 
OF UABIUTY . 

In countries which have adhered to neither of the nuclear 
third party liability Conventions nor adopted any internaI 
legislation based on the provisions of these Conventions, 
liability for a nuclear accident is normaUy regulated by the 
ordinary law. Usually, this involves the concept of fault to 
determine who is liable for the damage caused, and it is 
always possible to attempt to demonstrate the liability of 
persons other than the nuclear operator directly concerned. 
This could be, for ex ample, one of the suppliers, should 
equipment prove faulty, in accordance with the principle of 
product liability. 

Gi ven the complexity of the technological processes 
involved and the scale of the financial consequences at 
stake, it is easy to understand why the manufacturers of 
nuclear installations and equipment, and even the suppliers 
of nuclear services, have always insisted that nuclear 
operators should be held exclusively liable for any damage. 
Potential victims also benefit since the "channelling" 
assoc iated with the objective li ability of the operator 
simplifies and speeds up their legal remedies. This rule of 
law is thus one of the features of the systems established 
under the Paris and Vie/ma Conventions. 
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It is therefore not surpri sing that the firms concerned 
hesitate to sign contracts involving for them a potenti ally 
extremely high level of liability. This is particularly true of 
Eas t European co untri es wh o benefit from 
numerous - bilateral and multilateral - programmes of co
operation and assistance regarding the safety of reactors and 
other nuclear install ati ons but are neither Parti es to the 
Vienna Convention nor possess ing equi valent legislation. 
This situation prevents firms from being assured that they 
will be totally protected From any action which could be 
brought against them, on the bas is of the ordinary law, by 
victims in the country concerned or even in a third country. 

While agreeing that the only entirely sati sfactory solution 
to this problem would be for the countries of Central and 
Eastern Europe ail to adhere to the Vienna Convention, the 
Western countri es - particul arly within the G-24 - have 
endeavoured to find temporary arrangements that would 
con vince business firms to accept the ri sks inherent in 
providing assistance. These arrangements have taken the 
form of government declarati ons or bilateral agreements 
between "donor" and "beneficiary" countries under which 
the latter undertake, in the event of an acc ident, to defend or 
compensate "donor" countri es - or the firms concerned 
From th ese co untri es - with rega rd to any ac ti on or 
judgement engaging their Iiability. 

The drawback to such arrangements, apart From their 
co mpl ex ity, is that th ey norm all y onl y co mmit the 
government of the beneficiary country and do not therefore 
offer the same lega l guarantees as an agreement dul y 
approved by Parli ament and hav ing the force of law. In 
these circumstances, many Western firms have felt that they 
did not give sufficient protection. The situation becomes 
even more complicated when the countries bordering the 
country receiving ass istance are not Parties to the nuclear 
third party Iiability Conventions either, since, in this case, 
victims of nuclear damage suffered in such countries would 
be free to try to bring a direct action fo r damages against the 
firm which had wo rked in th e insta ll ati on where th e 
accident occuned. 

International financial institutions, such as the European 
Bank for Reconstruction and Development (EBRD), which 
help finance these assistance programmes, as weil as the 
Commission of the European Union which administers and 
funds them, are basically in the same situation as business 
firms. lndeed, victims may find it more advantageous to 
bring actions against parti es with more funds behind them, 
and to choose countries with the most "beneficial" legal 
systems (forum shopping). 

This deadl ock is ail the more frustrating in that ail the 
parties involved have an interest in finding a solution: the 
authoriti es responsible for nuclear safety in East European 
countries, because they are anxious to see the promised aid 

." 

The Chernobyl accident revealed weaknesses in the 
international nuclear liability and compensation system. 

materiali se; the Western nuclear industry, which wanlS to be 
able to use ilS sk ill s in thi s new market ; and last ly, the 
"donor" co untri es , whi ch are nat urall y anxious to 
demonstrate to their voters that, faced with the risk of a new 
nuclear catastrophe, they are doing something. It is in thi s 
context that the OECD Nuclear Energy Agency took the 
initiati ve of organising in Pari s, in July i 994, with the help 
of the European Commission and of the IAEA, a conference 
to bring together ail the parti es concerned. The intention 
was not to propose an immediate solu tion to what is an 
essentially political problem (even if the starting poi nt is a 
precise legal difficulty: the channelling of Ii abili ty), which 
will take a long time to resolve. It did, however, serve as a 
forum in which deeply fe lt views could be exchanged with 
great frankness. 

The conclusion reached at these di scussions was that the 
problem can only be permanentl y and comprehensively 
resolved on the following three conditions: 

• ail the countries concerned must adhere to the Vienna 
Convention and Joil1l Protocol; 

• since this wou Id not, however, be sufficient, these same 
countries must promul gate legislati on to implement in 
nationallaw the provisions of these agreements; 
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• national nuclear insurance pools must be set up so as to 
give operators of power plants in East European countries 
the financial guarantees corresponding to their lega l 
obligations as regards compensation of nuclear damage. 

Meanwhile, every effort must obviously continue 1.0 be 
made to agree on interim arrangements to protect firms 
engaged in projects to improve the safety of nu clea r 
insta ll ations in Eastern Europe. In other words, long-term 
and shorter-term obj ec ti ves mu st be co mbined in the 
framework of concerted programmes for action based on 
the optimum use of available resources. 

While the negotiation of agreements and compensation 
declarations fa ll s more particularly wi thin the competence 
of the gove rnm ents co nce rn ed or of the European 
Commiss ion for the PHARE and TACIS programmes, 
international agencies speciali sed in nuclear co-operati on 
ce rt ainl y have an ac ti ve role to pl ay in prom otin g 
attainm ent of the above- menti oned objectives . Such 
meas ures wo uld , moreover, fit into the more ge neral 
framework of their activities designed to develop laws and 
regulations on the use of nuclear energy, to strengthen the 

authority and improve the skills of regulatory bodies, and 
to train lawyers in East European countries in nuclear law. 

Hav ing now reached the stage where both the West and 
the Eas t are impati ent to see the introd ucti on of 
international co-operation programmes to reduce the ri sk of 
another Chernobyl, and in the know ledge that important 
fund s have been set aside for thi s purpose, it wou ld be 
regrettable if ail these endeavours were to be compromised 
because of thi s difficulty of li ability. Everything should 
therefore be done to overcome this obstac le as soon as 
possible, especia lly as there is basically no disagreement 
about the objectives in this sphere. 

In the same way that assistance programmes to i mprove 
the safety of nuclear insta ll ations are intended to ensure 
increased protection for the public and the environment, 
th e promoti on of a uni versa l system of li ability and 
financial guarantees for nuclear damage shares the same 
goal: the greater safety of nuclear energy, which is the best 
way of ensuring its acceptance by the public. Thus, in this 
sphere, governments and industry, in the East as in the 
West, share the same interests as potential victims of a 
nuclear accident. 

THE PRINCIPLES INVOLVED 

Drafters of the Paris and Vienna Conventions were concerned to safeguard the public aga inst poss ible, though 
unlikely, damage which was potentially very seri ous, while at the same time ensuring that the development of the 
nuclear industry was not hampered by the obligation to shoulder the intolerable burden of liability for the consequences 
of an accident. In order to reconcile these two requirements, the two Conventions are based on the following principles : 

• Nuclear operators are exclusively Ii able for damage caused by an accident within their installations or in the course of 
transport. This "channelling" of Iiability simplifies the bringing of proceedings by victims and avoids multiple actions 
agai nst the operator's co-contractors and the need fo r a chain of insurance policies. 

• The li abili ty of the operator is objecti ve (no fa ult) which also facilitates the bringing of legal proceedings by victims. 

• It is limited in amount (the NEA Steering Committee recommended that the Contrac ting Parti es to th e Paris 
Convention fix Iiability at a level not less th an 150 million SDRs). Tt is also Iimited in time (generally speak ing, 
10 years after the date of the acc ident). 

• Liab ility must obligatorily be covered by financial security, in theory of the same amount, taken out by the operator in 
question. 

• There should normally only be one competent court, even where damage has been suffered in the countries of other 
Contracting Parties. 

• The Conventions' provisions - especially the conditions for compensating victims - must be implemented without any 
di scrimination based on nationality, domicile or place of res idence. 

Unlike th e Vienna Convent ion, the system of th e Paris Convention was expanded in 1963 by the Brussels 
Supplemenlary Convention which added to the nuclear operator's insurance coyer a tier of compensation payable by the 
"State of the install ation" and, above this amount, by another tier made up of contributions from the public funds of the 
Parti es to the Convention, up to an amount of 300 million SDRs. 
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P.STROHL* 

NUCLEAR LAW AND CODE OF CONDUCT 

T he Hague Academy of International Law recently turned its attention to nuclear energy issues for the first time ever 
by deciding to choose "the hazards arising out of the peaceful use of nuclear energy" as the theme for the 1993 
workshop by its Centre for Studies and Research into International Law and International Relations. The results of 

this workshop have Just been published by the Academy in a report which, by addressing the issues from an international 
perspective, offers an original analysis of the problems currently confronting nuclear la w. Some of the issues it explores 
are the new Convention on Nuclear Safety, the revision of radiological protection standards, current work on the civil 
liability of opera tors, and the prospects of extending the Non-proliferation Treaty. In his conclusions on the Centre 's work, 
Mr. Strohl stresses the need for nuclear law and any proposed code of conduct for the nuclear community to underpin 
each other. Excerpts from his conclusions are given below. 

New technologies play such an important part in modern 
societ ies that their control poses major problems. The 
problems of "regul ating" the means used by tele
co mmuni ca ti ons, in for mation tec hnology, genet ic 
engineering and the space industry, and the hazards ari sing 
from their use, are no less complex and their consequences 
no less serious than those posed by nuclear energy, although 
they differ in nature. The challenges for the legal profession 
are just as great as in the field of nuclear law. Ali are fraught 
with uncertainty and ail assume the same international and 
political dimensions. 

Whatever the new technology we are seeking to control , 
the central issue is, of course, man and his abi lity both to 
adapt to new technologies and to safeguard human values 
from the adverse effects of such technologies. The ans weI' 
to these concerns, ultimately lies in society's ability to 
co ntrol both the means and the ends of sc ience and 
technology, which have now become , and doubtless 
irrevers ibly so, an integral part of th at soc iety 's 
infrastructure. This is by no means an easy answer and will 
cali , as stated previously, for a multidisciplinary approach. 
Suffice to say, at this point, that the law is only one means 
of exerting such control among many others - science and 
technology itse lf, the market, information , private 
initiatives, political intervention, etc. 

The regulation of the means and statement of the ends are 
normal components of any provision of law. The grey areas 
of human behaviour are familiar territory to the law and it 
has thus far managed to reach some accommodation with 
them. However, the far-reaching consequences of abstruse 
scientific and technological concepts are now putting legal 
experts in a very un co mfortable positi on; the heav ier 
res pon sib ilities they now bear, as they attempt to 
incorporate ail these factors into the appropriate rule of law, 
are prompting th em (a nd ri ghtl y so) to try new 

• MR. PIERRE STROHL WAS FORMERLY DEPUTY DIRECTOR·GENERAL 
OF THE NEA. 

app roac hes - thu s introducing a further element of 
uncertainty - while at the same time trying to establish Finn 
safeguards. They have to be aware of both the limits and the 
incremental nature of research, leaving the way open for the 
developments that are bound to fo ll ow; it is diffi cult to 
reconcile this with the need for strict regulation , which is 
just as likely to produce stifling over-regulation as to be 
wide of the mark. But their situation is not so very unusual; 
after ail , the law on ly ever attai ns perfection when the 
problem it was designed to resolve has effectively ceased to 
exist. 

Nuclear law is a good example of the kind of innovation, 
tlexibility, informai approach, and discipline which seem to 
be th e essence of any lega l framework for adva nced 
technology. 

ln connection with the current lega l reforms, nuclear 
industry involvement in the process of consolidating past 
experience is to be desired. Adopti ng a code of conduct (or 
code of practice) for the nucl ear industry, agreed by its 
national and international representative , would have two 
advantages: 

• it wo uld all ay the ethical conce rn s that ari se whe n 
exploiting vi rtually any modern technology: the in vasion 
of privacy in information technology, the manipulation of 
publi c opinion throu gh audiovi sual techniques, the 
dangers that eugenics present in genetic engineering or 
that nuclear power prese nt s to health and the 
environment; 

• it would supplement legislation by imposing standards of 
cond uct vo luntari ly accepted by nu clear agencie s: 
indu stry execu ti ves and profess ionals, reg ul ato ry 
authorities, policy makers, etc. 

If such a code of conductl is warranted from the safely 
culture standpoint, it is no less important to promote quality 

1. The Int e rn a ti o nal Nuc lea r Law Assoc iation is c urre nt ly drafli ng a code or 
conduci of Ihis Iype . 
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Nuc/ear law is a good example of the kind of legal framework 
needed for implementing an advanced technology 

sta ndards in resea rch and in th e development of more 
reliable or more profitable techniques, objectivity in social 
cost/benefit analyses for nuclear power programmes, and 
th e accuracy of economic analyses. The sta nd ards of 
conduct in international trade are also very pertinent to the 
future of nuclear power, especially as regards the attitudes 
of firms and authoriti es to publicising technology and to the 
observance of non-proliferation policies. Finally, among a 
host of other exa mpl es , the quality of informati on on 
industry projects and the transparency of the decision
making process concerning plant construction are ethical 
decisions which those responsible must take. 

Substantive law, which establishes the generally accepted 
rules, is the main instrument governing nuclear technology, 
at national leve l, and is the ultimate safeguard against 
failures, Th e sa me appli es to ag reements between 
governments relat ing to the interests of the international 
community, ln an area as co mpl ex as this , where the 
indi vidual's standards of conduct are a determining factor, 
the effect ive ness of reg ulati on through leg islat ion is 
nonetheless limited. The ca li for standards of co nduct 
arri ved at by consensus between pri vate operators, which 
will help to ensure the relevance of regulations to rea l 
situations, can only reinforce legislation or perhaps throw 
Iight on the measures it should take, 
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20 P. GIROUARD· 

NUCLEAR POWER AND THE ENVIRONMENT: A SOLUTION? 

Nuc'ear power is a proven technology that makes an important contribution to energy supply. Almost 24% of 
electricity within the OECO come from nuclear power plants (Ref. 1). Worldwide the proportion is 17% with more 
than 30 countries having nuclear power plants. Nuclear energy has proven attractive, if only for cost or security of 

supply reasons. But does it offer a long-term solution to environmental problems? One can argue that, notwithstanding 
problems such as Chernoby~ , the use of nuclear energy for electricity production has several environmental benefits. 
When operated in a safe fashion - and every effort is made to ensure that this is the case - nuclear power has less 
environmental impact than most alternative technologies. 

SITUATION IN THE NEXT DECADES 

Given expected popu lation increases, world total primary 
energy demand is expected to grow al 2. 1 % pel' year over 
the next 20 years, even taking into account energy intens ity 
improvements of 1 % pel' year. Add iti onal electricity 
generation is projected to amount to around 8400 TWh 
(Ref. 2). Coal and nuclear power are the on ly di scernible 
suppl y alternat ives for responding to the bulk of thi s 
demand, whil e renewable sources have the potential to 
co ver onl y a minor percentage of it (Ref. 3) . Gas, while 
making an important contribution in the short term, is not 
seen as a long-term solution. 

ENVIRONMENTAL PROBLEMS 

Two long-term environmental problems are often quoted . 
The first is global cli mate change, often referred to as global 
warming. [s the production of carbon dioxide causing 
changes to the c1imate which wi ll affect the quality of Ii fe, if 
not threaten life in some areas? The question is not resolved 
to everybody's sa ti sfaction . But there is a growi ng 
consensus that a path of "no regrets" should be taken2• Co st
effective measures should be ta ken to ensure that the threat 
of c1imate change be minimised, and that entails ensuring 
that use of foss il fuels, wh ich generate carbon dioxide, be 
reduced as much as possible3. 

The second problem is to develop or to use technologies 
that lead to sustainable development. Future generations 
should not have to pay for benefit s that our cu rrent 
generation enjoys and should have the opportunity to have 
as "good" a life as we do. 

POWER GENERATION AND THE ENVIRONMENT 

Three important points can be made at the outset. First, 
the impacts associated with elec tricity generating sources 

• MR. PIERRE GIROUARD IS A MEMBER OF THE NEA NUCLEAR 
DEVELOPMENT DIVISION. 

are not confi ned to the generati on stage. They exte nd 
backwards into fuel extraction and processing, and to 
materials extraction, conversion and fabrication , as weil as 
the construction of the plant itself. They also extend fOl'Ward 
toward reprocessing and fina l disposai of wastes. Second. 
the benefits and costs assoc iated with individual options 
have to be measured against those of the alternative options. 
Third, these alternative options may include non-electric ity 
options, such as conservat ion stra tegies or direct fuel 
co mbustion , which have their own environ mental and 
health impacts. 

Ali fuel cycles within the electricity generating systems 
involve some health risks and lead to some environmental 
impacts, with both nuclear power and renewable energy 
systems tending to be in the lower spectrum of health risks 
(Ref. 4). Nuclear power, however, is almost unique in 
having made considerable effort to tackle Iife-cycle issues 
from the very beginning. 

GLOBAL CLiMATE CHANGE 

Nuclear power contributes to global c1imate change '(or 
global warmi ng) only if use is made of fossi l fuel s in the 
ext ract ion and processin g of uranium. in generalin g 
elec tri city for uranium enrichment (where lhi s is nOI 
accompli shed from nuclear or hydroelectric sources) or in 
the production of steel and cement for reactor and fuel plant 
constructi on . 

In general the emissions associated with nuclear power 
are co mparable in thi s rega rd to those associated with 
renewable so urces and equ ivalent energy conservat ion 
measures (Ref. 5-6) requiring the use of materi als to ach ieve 
their effect (e.g. , loft insulati on , cavi ty wa ll insul ati on). 
Table 1 (Ref. 7) shows relati ve carbon dioxide emiss ions. 
Other products of fossil- fuelled electricity generation (ac id 
gases, hyd rocarbons, etc.) would be in similar ratios. 

1. Th is acc id ent o f maj or co n seq u e n ce~ wa~ clue 1O des ign antl operati onal 
problems not encoullIercd in OECD/NEA cO ll nt ri e~. 

2. Thi s i ~ an approacb proposed. élmong olhe r~ . by lhe Worl d Energy Coullcil. 

3. The IPCC has been stu dy ing the e rfcc t ~ or global warming. and ra vour~ a 
rccluclion of 60% in greenhollse gas cm iss ions. 
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NUCLEAR POWER AND THE ENVIRONMENT: A SOLUTION? 

Should there be no change in the present trends carbon 
diox ide emiss ions are expected to grow by 50% from 1990 
to 20 10 (Ref. 2). Total emi ss ions in 1990 were 
6,000 million tonnes of carbon (Ref. 8). In the United 
States, for example, it has been estimated that the annual 
damage, if carbon dioxide concentration were to double in 
the atmosphere, would be some 60 billion dollars (1990) or 
1.1 % of the gross domestic product (Ref. 9). However if 
nllclear power were to be used to provide 70% of the OECD 
electricity demand of 12 000 TWh, the avoidance of carbon 
cli ox ide emi ss ions by 2030 wou ld amount to about 
1.2 gigatonnes of carbon annually at the end of the period 
as compared to using coal at 50% efficiency4. 

Table 1. Carbon Dioxide Release Versus the Technology 
(Based on produclion or saving of 5 TWh/a of eleclrical energy) 

Plant 

Generation options 

Coal-fi red' 
PWR' 
PWRJ 

Annual Average Total 
Carbon Dioxide Release 

(in 100,000 tonnes) 

59.1 
2.3 
0.4 

PWR (self-s lipplied)S 0.2 
FB R 0.2 
Hydro/power 0.9 
Wind/power 0.5 
Tidal/power 0.5 

Efficiency measures9 

Roof inSlIlati on (IO- in fib re glass) 0.2 
Cavily wa ll insulation (polyslyrene foarn) 0.2 
Low-energy lighling 0.2 

SUSTAINABLE DEVELOPMENT 

Sustainable clevelopment has been a catchworcl intenclecl 
to renect concerns that future generations should have at 
least as goocl a life as we currentl y have - how ever one 
clefines "good". This has meant to some that sustainable 
deve lopment has to avo id significant (and irreversib le) 
damage. A weak view wO lild be that an economy is 

lI stainable if it saves more than the depreci ation on its 
man-made and natural capital. A st ronger approach is to 
insist that there be no net damage to environmental assets 
(Ref. lO). 

4. A~ a side benefit the lise o f Illiclear power :woids other po l1uta nts. France. whi ch 
now has over 70% of ilS eleClricity coming t'rom Iluclear. produced 978.000 tonnes 
o r ~ u l fur di oxide and 208,000 tonnes o f nit rogen ox ides in 1979. Thi s has been 
reduccd 10 83,000 tonnes and 34.000 tonnes (a more than ten-rald reclucti o l1 and a 
six -fo ld reductio n) respecti vely thro ugh the Înc reased use of nucl ear power. T hi s 
ha, al so CUI carbon d ioxide From 82 millio n ton nes ( 1980) to 13 millio n lo nnes 
( 1987) (a faclOr o f 6) and dusl emissio ns (panicu lale) from 77.000 IOnnes 10 1.900 
IOnne, (a reduclion b y a fac lOr o f 40) 1 Data prov ided by EdF.] 
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Benefit from nuclear power can only be obtained if rigorous care 
is taken to ensure that the concern for the environment, including 
in waste management, is ever present. 

In the case of nuclear power, depletion of uranium fuel 
reso llrces cannot be considered as a "damage" as the 
resollrces can on ly be used in nuclear power plants to 
generate electricity (apart from certain special uses). This 
assumes that full environmental restoration is done after the 
depletion of mines. 

The question ca n therefo re be limited to ce rtain 
processing and power generation facilities. In the weak case 
does the economi c advantage of using nu clear power 
outweigh th e environmental impact ? The question is 
academi c if ail environm ental impacts are already 
internalised and included in the costs. This is basically the 
case for nuclear power where the impacts are internali sed 
(Ref. Il ). In the strong case, does nuclear power damage the 
environment? Most people wou ld agree that during normal 
operation the impacts of civili an nucl ear operations are 
benign. 

If one ensures proper safety (and this can be argued to be 
the case within the OECD area) one would have to conclude 
that nuclear power is an environmentally benign technology 
that leads to sustainable development. 

5. Pu lverised fu e l p ianI. 

6. Using diffusio n e nrichmenl (U.S.A.). 

7. Us ing centrifuge cnrichment (Europe). 

8. Using nuclear e leclric ity 10 powe r enrÎ chmcnt pbnls. 

9. Emi ss ions in product m ::U1 ufaclUring. 
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NUCLEAR POWER AND THE ENVIRONMENT: A SOLUTION? 

The benefits and costs associated with individual energy options have to be measured against those of alternative solutions. 

IS THERE A CATCH? 

It would seem from the above that nuclear power has only 
environmental advantages. However, nuclear power is a 
demanding technology. If one looks at the accomplishments 
of nuclear programmes in different countries it becomes 
obvious that the nuclear technology adapts with difficulty to 
pure profit moti ves, market mechani sm and fragmented 
organi sati ons (Ref. 12). The need fo r a long-term view, 
given the long lead times for establi shing the infrastructure 
and the generation capac ity, the need fo r large resources 
given the capital costs, the need for standardised products to 
reduce costs, the need to put safety above profits, ail those 
fac tors impl y th at centrali sed bod ies with a criti ca l 
independent safe ty orga ni sati on, supported by the 
governments, would have more success in developing a 
cost-effi cient and safe nuclear prog ramm es lO• Nuclear 
power, to be operated safe ly, demands a certain soc ial, 
technical and scientific environment. A safety culture must 
be present. There has to be a minimum number of 
tec hni ca ll y co mpetent personnel. Adequ ate resea rch 
fac ilities must be present to support the research ensuring 
that nuclear power is used wisely and safely. A proper 
regulatory structure must also be in place. 

CONCLUSIONS 

Benefits from nuclear power can onl y be obtained if 
ri gorous care is taken to ensure that safety is maintained, 
and that the concern for the environ ment, expressed in 
many ways including waste management, is ever present. 

10. Thi s is particularl y true in the case of France. Japan and Canada. Il has proven 
more d i fTicult in other counl r ies where there is a fragmented industry. li ke the 
Uni ted States (where the problem has bccn recogni scd and steps are be ing taken 10 

correct the situation). or where there is il Fragmcnted view al dif ferent governmenlal 
leve ls as in Germany. (This cloes Ilo t imply any safety problcm in thase countries: 
but indicat.es only Ihal thcre are di flïcuhies in developing il strong l1uclear industry.) 
Finall y, il has proven d isastrous fo r countries which cl id Ilot have neithcr a solid 
safety culture IlOf a rigorous s:J fe ty watchdog as in the fOf mer U.S.S. R. 

However, nuclear power will still have to surmount 
di fficult problems in the next few years before it can deli ver 
its full potential. There wil l be a period where short-term 
alternati ves, such as gas, will be more attractive, and during 
which the industry will have to maintain its capabil ity. The 
industry also has other difficulti es to overcome, not the least 
of which are publ ic opposit ion, the need for reduction of 
cost and financial risk of nuclear power. 

Nuclear power does prov ide sig ni fica nt long-term 
environmental benefits. Several stud ies such as the join t 
U.S. Department of Energy/Commission of the European 
Communities project, the inter- agency join t projec t on 
co mparati ve assess me nt (DECA DES ) and others are 
pointing to the environ mental advantages of using nuclear 
power. 
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1 

NEEDS FOR AND AVAILABILITY OF NUCLEAR DATA 

T
he design and operation of a nue/ear power plant is very strong/y dependent on computer use. Ana/ysis and 
prediction of reactor behaviour depends on using comp/ex computer programs to simu/ate the different processes at 
work. /n turn, these ca/cu/ations depend on high-quality data describing the nuc/ear reactions (in particu/ar fission 

induced by neutrons) needed for energy re/ease, and the many other physica/ phenomena concerned in safe operation of 
the plant. 

WHY DO WE NEED MORE NUCLEAR DATA? 

Fifty years aftel' the first pile in Chicago, why should scientists still be measuring and evaluating neutron and other nuclear 
data to improved levels of accuracy? 

Ouring the early development of nuclear power, computer modelling of reactor neutronics was based on simpli fied 
mathematical presentations of the phenomena concerned, using group averaged data va lues whose uncertainties were too 
high to be directly acceptable within the required accuracy Iimj[s. These values were adjusted to reproduce correctly the 
results of measurement in partial replicas of reactor designs, and only then used in the design process. The adjustments were 
ex pensive to make, and of limited applicability. 

Successive generations of "evaluated" data librari es since 1958 have used more accurate measurements, and improved 
nuclear models, in libraries of preferred cross-section values which are used for neutronics calculati ons in increasingly 
sophisti cated computer programs. Such programs are then able to con vert better and more complete data into more accu rate 
pred ictions of heat production, neutron balance and other events within and beyond the reactor core. 

Long-term efforts to reduce the uncertainties in nuclear data have contributed to refinements in reactor design, bringing 
improved operati ng safety and efficiency and making possible savings in engineering costs. New designs for nuclear fuel will 
all ow fo r increased total energy output. The range of particle energies to be covered by the evaluated libraries at higher 
accuracy has also increased in recenl years; new data are used and more data are needed in studies for nuclear fusion, but 
also for ac ti nide burni ng and transmutati on, plu tonium recyc ling and accelerator/target des ign. Nucl ear medicine, 
astrophysics and space studies are non-energy lIsers, together with di verse industrial applications. 

Appl ication 

Reactor fuel 

Reactor 
structures 

Fus ion energy 
tudy 

Transmutat ion 
long- lived 
isotopes. 

SOME DATA NEEDS FOR NUC LEAR ENERGY 

Needs 

lmproved data for 
transuranic isotopes 
and fi ss ion products 

Reduced data uncenainties 
for structuralll1aterials, 
froll1 1-5 MeY 

Data for low-acti vation 
materi al s, nuclear heating, 
radiation damage 

Reduce data uncertainties 
for transuranic isotopes. 
Data for accelerator-drivend 
neutron sources 

Problem 

Uncertainties in data 
limit effecti ve fuel endurance 
New fuel designs for extended bUlllup. 

Radiation damage; 
reacti vity 
effects in the harder neutron 
spectru ll1 of advanced reactors 

CUITent data fi les 
have too large error 
1l1a1'gins 

lmprove efficiency of reactor 
transmutation, design studies 
for accelerator dri ven reactor 

• MR. NIGEL TUBBS IS CO-ORDINATOR OF THE NEA DATA BANK. 

lmprovement 
expected 

At present 5% allowance is made 
in design for uncertainties 

Target accuracy 5%. 
At present 20% uncertainty 
in Fe (n,n' ). 

(New data evaluations and 
measurements needed) 

Higher transmutation rate 
ll1i xed-fuel reactors 
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NEEDS FOR AND AVAILABILITY OF NUCLEAR DATA 

FROM EXPERIMENTER TO END USER 

The expression "nuclear data" covers several distinct phases in the production and refinement of the data used by reactor 
physicists and nuclear engineers in power reactor design and other practical applications. Starting from an identified need 
for new data, measurements may be carried out in several laboratories, then compiled and distributed by one of the neutron 
data centres. These data may then be incorporated into an "evaluated" data file , which will itself be tested in calculations 
against the results of reactor physics experiments. The timespan of each phase may coyer years rather than months, and it is 
this long lead time between measurement or evaluation of data and their implementation which makes a strategie view of 
data needs so essenti al. 

THE CHANGING EMPHASIS OF NEUTRON DATA DEVELOPMENT 

If one examines the publication dates in the international database of nuclear reaction measurements, they show a 
sustained high rate of publications between 1957 and 1987, with a peak around 1970; the first evaluated data file to be 
widely used was developed in 1958, whi le an important later landmark was the first U.S . "reference fi le", completed in 
1973. The CUITent generation of evaluations, released since 1990, is still largely based on data measured during this peak 
period. Continuing development of evaluated data for fi ssion reactors is concentrated for OECD countries in the Japanese 
(JENDL), United States (ENNDFfB) and JEF files. The JEF file is a joint evaluation project between countries participating 
in the Data Bank. The improved consistency between these newer fi les results From important later hi gh-precision 
measurements, painstaking reanalysis of sorne of the best older data, and improved mathematical and stati stical techniques. 

Before they can be used in most neutronics calculations, these data fi les must be transformed into so-called "group cross
section sets" for which the neutron energy range is divided into bands and an effective cross-section for each is determined, 
depending on the energy spectrum encountered in the application under study. Pictorially, they appear as histograms. These 
Group data sets are strongly dependent on the neutron energy spectrum and may also be specifically adjusted to different 
reactor types. 

RESOURCES FOR SAnSFYlNG DATA NEEDS 

The experimental facilities in commission, qualified manpower and available funds have decreased to a point where it is 
difficult to maintain a coherent programme of nuclear data measurements in one country, and international coordination of 
the remaining resources may be the on ly way to continue operation and meet the data needs which have been identified. The 
risk of further decline is that with the programme itself, unique facilities wi ll be lost and with them the know-how to bui ld, 
run and produce data From such fac ilities in the future. 

EXPERIMENTAL FACILITIES 

Generally speaking, the existing database of cross-section measurements is sufficient for most current thermal reactor 
applications. The special problems which remain require high-precision differential data measurements; many of them are 
safety-related. The question of precision data for new reactor types, and for plutonium or actinide burning, remains open. 
Very few suitable pulsed neutron sources are still available for high-resolution data measurements for energy applicati ons. 
Integral experimental faciliti es are likewise fundamental to validating the calculation methods and data used in di ffere nt 
reactor applications. Though very many integral assemblies have been taken out of service, there are examples of good 
co ll aboration in using those which remain , in particular the AEA-CEA programme using DIMPLE (UK) and 
EOLE/MINERVE (France). This concerns fue l management "burn-up credit" in criticality safety, and more generally the 
validation of JEF data for wider use in reactor physics, fue l and criticality calculations. 

Collaborative measurement series between European and U.S. laboratories have recentl y made indispensab le 
contributions to resolving problems studied by neutron data evaluators, and the collaboration is now being extended to 
Russian laboratories. 
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NEEDS FOR AND AVAILABILITY OF NUCLEAR DATA 

NUCLEAR MODEWNG AND EVALUATION 

NlIclear model development is carried out in lIniversities and national laboratories, and is not at risk as an activity. 
However, the practical application of nuclear models is an essential part of the art of nllclear data evaluation, together with 
the re-examination of important data measllrements and revision of data values to take into account new standards data and 
modern techniques of error analysis. Such experience has in the past been acquired over a lifetime's work in nuclear physics, 
and many evaluators have now passed retirement age. Despite its shrinking manpower, evaluation is the discipline on which 
cllrrent nuclear development depends for its data. 

Improvements in nuclear theory and the associated modelling codes have made modelling an integral part of the 
evaluation process, and in areas such as Intermediate Energy where few experimental data are available, it has taken on 
major importance. NEA has a long-standing programme of international calculation exercises ("benchmarks") for the 
validation of modelling software: most recent studies have covered the fission cross-sections of higher actinides, a blind 
intercomparison of models for charged parti cie ernission, modelling parameters for iron data, and codes for predicting cross
sections at intermediate energies up to 1.6 Ge V. 

[n a very crude approximation , an evaluated data file is built up by "intelligent averaging" of the best avai lable 
experimental values, with theoretical calculations for interpolation when experimental values are insufficient. For reactor 
calcu lations, a complete file covering a wide range of isotopes is needed, and a measure of the fi le's quality is obtained by 
benchmark testing it in calculations of the results of standard critical experiments. 

Attempts over a twenty-year period to generate evaluated data which could be used without adjustment in reactor 
calculations have brought scientists close to success in the recent generation of OECD-area files In calculations, using these 
fi les, the agreement obtained in predicting the results of criticality experiments and performance measurements in operating 
reactors, is now comparable to or better than that obtained with adjusted data. In order to secure further improvements, NEA 
coordinates a worldwide collaboration on nuclear data evaluation with a full exchange of information; new evaluations are 
made available to ail the different evaluation projects, but as a unique combination of data sets each file keeps its own 
identity. 

NUCLEAR DATA CENTRES 

It is not enough to make new and more precise evaluated files of nllclear data. The most current data must be easi ly 
ava ilable to nuclear scientists and technologists in a form which they can apply simply in their work. 

EA Data Bank and the U.S. National Nuclear Data Centre together make nuclear data easily avai lable in ail OECD 
member countries. By their support for the development and qualification of new evaluated files , major nationallaboratories 
and the funding authorities behind them have contributed to improving the standard of data available. International 
collaboration is essential to this enterprise. 

Scientists working on an evaluated neutronics data file need to draw on many different types of information: experimental 
data, standards for neutron flux measurement, computer codes for reanalysing sorne important data sets and for nuclear 
reacti on modelling, results of benchmark experiments on criticality and radiation shielding, and measurements in operating 
reactors. Their task would scarcely be possible within a reasonable time unless this information can be acquired from data 
centres on other groups holding a reasonably complete collection of the data or programs needed. Moreover, the information 
is reqllired in computerised form, and in a consistent format. It must be made easily accessible to ail the scientists who 
need it. 

A "Strategic View" document l recently published by the OECD Nuclear Energy Agency considers in sorne detail the role 
and contribution of the two international nuclear data centres, the NEA Data Bank and the IAEA Nuclear Data Section, and 

1 

1. In 1993. the NEA published a repon entitled "A Strateg ie View on Nuclear Data Needs". The repon eonsiders needs for new and improved data in the sha n and long 
tCrlns. for nuclear energy as weil as other sc ientific and technical applications. Il recommends measures to improve communication betweell users and producers of 
cial<:! . and 10 maintain an adequate level of research resources, by improved nati onal and international collaboration. 
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NEEDS FOR AND AVAILABILITY OF NUCLEAR DATA 

Aerial view of the electran linear acceleratar of CEC Geel (Belgium) Joint Research Centre. 

the nine national data centres in processing and storing nuclear data, and makjng them available worldwide. Their work is 
completed by the distribution of computer programs for nuclear applications, fro m Oak Ridge for the United States and 
Canada, and from the Data Bank for other NEA and IAEA users. 

Collaboration in the compilati on of experimental data began with the exchange of data fo r neutron cross-section 
measurements through a "Four-centre network" of centres in the United States, Russia, OECD-NEA and IAEA, set up in 
the 1960s. It has been extended to include other national data centres, and topics which now include charged partic le and 
photo-neutron reacti on data, and contributions to the Evaluated Nuclear Structure Data Fil e (ENSDF). This work is 
coordinated by IAEA as the Nuclear Reaction Data centres network (NRDC). The in formation contributed by each centre is 
available to ail its members, but in practice user services are the responsibility of the original fo ur centres, whose agreed 
service areas together offer worldwide coverage. Within OECD/NEA, service on nuclear data is provided for North 
America by the National Neutron Data Centre (Brookhaven, New York, USA) and for other Member countries by the NEA 
Data Bank. 

THE CONTRIBUTION OF INDIVIDUAL CENTRES 

Each of these data centres makes a specific contribution to the basic compilation work coordinated wi thin RDC. In 
general, this responsibility will absorb only a small part of its resources. Most of its efforts will be concentrated on other 
specialised tasks, which make up the main part of its programme: support to national nuclear activ ities, neutron data 
evaluation coordinated within the Agency's Nuclear Science Committee (NSC), or nuclear structure and decay data (for the 
ENSDF project). Service work to users absorbs far less effort th an building up and verify ing the data bases on wh ich the 
service depends, so that even in the larger centres distribution does not absorb more than lOto 15 per cent of their effort. 

The study concluded that the nature of data compilation and services to users allows few economies of scale to be won by 
concentrating them in a single location; sharing of compilation work is already very weil coordinated by NRDC, as are the 
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specialist tasks such as neutron data evaluation (NSC) and ENSDF. Efficient service, as weil as the willingness of sc ientific 
users themselves to prepare and submit data fo r compilati on, depends on good contacts between staff and individual 
scientists. lt seems preferable to continue these tasks on a regional basis. 

It is also important that the value of the contributions by each of the centres, and their place in the overall picture, should 
be full y c1ear to the authoriti es fundi ng them. It is planned to produce a joint NEA-LAEA document on this topic. 

THE ESSENTIAL ROLE OF INTERNATIONAL COLLABORATION 

Even with a worldwide effort , it might today be imposs ible to repeat more than a part of the neutron measurement 
programmes carri ed out in several parts of the world in the 1960s and 1970s. Likewise, an evaluation effort similar to that 
in vested in the ENDF/B and lEF files in the 1980s would be very hard to reproduce. NEA countries have moved quickly to 
combine their interests in a single collaborative programme, which by now occupies a high proportion of the available 
nuclear physics effort in the countries taking part. The "Strategic View" document has proposed severalmeasures which can 
help slow down the decl ine in capacity; increased funding would be needed to restore it. 

• Data needs may be short or long term. Some short-term needs should be supported by industry, which must also consider 
contributing to data production for the long term. However, the ultimate responsibility for financing long term work must 
l'est with governments. 

• There is a need to strengthen contacts between data producers and users of ail kinds, in order to identify the possible 
benefits from applying improved nuclear data to existing applications or where potential savings can be c1early identified. 

• Resources in ski lied manpower and equipment in nearly ail NEA countries are fa lling below the minimallevel needed to 
carry out an independent measurement programme. International cooperati ve effort would never replace national efforts, 
but could improve producti vity from ex isting and future fac ilities. 

• Data centres are an integral part of the process of data production, as weil as data di ssemination. They play a very 
important role within the nuclear data community, and the two international centres should continue to be strongly 
supporred. While the maintenance of nati onal centres is a matter for the countri es concerned, their specialised 
contributions could not in fact be replaced. 

[n the framework of NEA, Member countries are responding to the problem by strengthening coordination (within NSC, 
the International Evaluation Cooperation has been reinforced by a new Working Party on Measurement Activities) and 
improved contacts with industry. This year new support from the nuclear industry has made possible a project on improved 
presentation of JEF data fo r use in PC programs, and a research mission of severa lmonths to the ORELA measuring faci lity 
in the United States. These early actions are necessari ly Iimited, but it is intended that others wi ll follow. A User-Producer 
Forum on nuclear data is planned, in order to achieve wider understanding of the needs for continued research in this field , 
and to promote increased direct support from industry. 

1 NEA Newsletler Fall 1994 

~ 

~ 
@ 
B 
2l 
~ 
~ 

~ 

~ 



J.-P. CLAUSNER* 

NEW MAN-MACHINE INTERFACES IN 
NUCLEAR POWER PLANTS 

T
he OECO Nuclear Energy Agency has Just published a report showing how human factor considerations are now 
being taken into account in the control room at existing nuclear power plants and discussing current developments 
for future ones. This report is a synthesis of the work undertaken on various aspects governing the relationship 

between the operator and the installation whose safety lies in his hands, in other words, the man-machine interface. 

Feedback analysis and, more specifica ll y, the analysis of 
the incidents that occur at nuclear power plants as in every 
other industrial installation, reveal the importance of human 
factors in pl ant operation. The adoption of human fac tor 
principles in conjunction with the development of advanced 
di gital tec hn ology has led to the in troducti on of 
computerised operator aids at most operating plants. These 
aids coyer a wide range of means from the installation of 
safety parameter display systems to the design of fully 
digitised control rooms. This variety is largely due to the 
fa ct th at in ex istin g in stall at ions radi ca ll y new 
improvements are di fficult to introduce and for future power 
plants, they can only be included at the design stage. 

Most operat ing pl ants are now equipped with safety 
parameter display systems which monitor a small number of 
essential functions while providing crucial support fo r the 
control room crew, especially in managing complex incident 
and accident situ at ions and in making optimum use of 
procedures during emergency operation. Other operator aid 
systems have been introduced at some installations in the 
fo rm of advanced reactor co re parameter monitoring 
systems or even computeri sed process in formation systems. 
Finally a few countries seem to be opting for the design of 
fully digitised control rooms. France, for instance, has gone 
ahead with this design for the new units belonging to its 
N4 reactor set (140 MWe reactors). 

UCENSING PROCEDURES FOR 
NEW MAN-MACHINE INTERFACES 

As far as licensing or certi fication procedures fo r new 
man-machine interfaces are concerned, uncertainties remain 
concerning both methodology and the tools to be used since 
no stand ard has been adopted by th e intern ati onal 
community, particularly for nuclear plant safety software. In 
other words, the certifi cation of man-machine interfaces has 
yet to be developed as most regulatory authorities have only 
recentl y turn ed thei r atte nti on to hum an fac tors and 

• MR. JEAN·PIERRE CLAUSNER IS A MEMBER OF THE NEA NUCLEAR 
SAFETY DIVISION. 

software. Several countries have started to draw up relevant 
gui de lines or update in structi ons app li cab le to digita l 
equipment. In the human factor field, the procedures used 
for certify ing man-machine interfaces differ widely. The 
vari ous situat ions range fro m the ex istence of forma I 
li censin g requirements and direc t intervention of the 
regulator in the evaluation phase, to leaving the application 
of standards to the utility. 

EVALUATION OF MAN-MACHINE INTERFACES 

The evaluation/validation phase is an important part of 
the implementation process for man-machine in terfaces. It 
provides an opportuni ty to detec t and solve errors, to 
meas ure disc repancies and dev iat ions from expected 
performances and to ensure compliance of the interface with 
design requirements. Depending on the countries, various 
methods are appli ed , from veri ficat ion of interface 
compliance with ex isting standards to intensive use of 
simulators and mock-ups. 

ALARM PROCESSING AS A SUPPORT 
TO OPERATORS 

One of the main di fficulties encountered by the designers 
of man-machine interfaces is the need to define an alarm 
system that will act as a modern support tool for operators 
in thei r monitoring tasks without submerging them with 
in fo rmation as they now are with current alarm systems. 
Modern systems divide alarms in to functi onal groups, 
applying fi ltering criteria using priori ty codes, cut-o ut 
conditions and vari able Iimits. 

The adoption of an improved alarm system that, on the 
one hand , sol ves the prob lems re lated to the operator's 
cogni tive overload and to the alarm avalanche during fast 
transients or accidents and, on the other, provides adequate 
support to the opera tor in re lat ion to his enhan ced 
superv isory tasks, typical of advanced control rooms. is 
crucial in plant design. 
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NEW MAN-MACHINE INTERFACES IN NUCLEAR POWER PLANTS 

EXPERT SYSTEMS 

Modern digital technology provides an opportunity to use 
arti ficia l inte lligence in the form of expert systems. These 
can be app lied to several areas of plant supervision and 
cont ro l such as real-time di agnos tics, decision support, 
emerge ncy respo nse in ord er to enh ance operator 
un derstanding of the plant status and therefore to take 
appropri ate remed ial acti on. The anomal y and acc ident 
management support function is warranted inasmuch as it 
provides operators with assistance based on ergonomic and 
cogni tive principles, helping them to understand imminent 
plant condi tio ns and to dec ide on what ac ti on to take 
wi thout risk of error. 

Such systems may also con tribu te to main te nance 
acti vities by bringing significant support to the preparation 
of plant mai ntenance work planning, thereby improving 
work i ng condi ti ons and maki ng adeq uate main tenance 
procedures available. The maintenance support function is 
chi efly aimed at helping maintenance personne l in the 
planning and moni toring of their work. 

TASK ALLOCATION BETWEEN 
MAN AND MACHINE 

The allocation of tasks between man and machine is not 
j ust a matter of automati on level even though thi s does 
provide indication of the extent to which the operator forms 
part of the control chain . The proper balance between 
automation and operator actions is one of the major issues 
in designi ng future nuclear plants. The safety and reli ability 
of plant operation depend on the operator. 

1 

With advanced digi tal technology, the machine can be 
given increas ingly complex functions and it is likely that the 
automation level in plant operation should increase in the 
futu re and may even lead to better plant safety, although this 
is hard to tell at this stage. The wide spectrum of solutions 
adopted in various countries retlects the complexity of this 
task. More time and resources should be devoted to the 
opti mum allocation of tasks between man and machine, and 
in any case thi s task should be given to engineers in co
operation with human fac tor specialists. Experience shows 
that satisfactory solu tions can be found with very di fferent 
approaches even if the industry fee ls a need fo r a more 
systematic one based on the definition of operator role and 
capabi lity. An ex ample is advanced reactors with passive 
safety systems, where the role will change from that of a 
"fa st act uato r" as in traditi onal pl ant s to th at of an 
"in te lli gent supervisor". 
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Advanced man-machine system for pressurized-water reactors. 

ERGONOMIC EVALUATION/VALIDATION 
METHODS 

New technology using modern co mputer and di spl ay 
techniques is being introduced in control rooms. It must be 
effecti vely introduced in order to improve plant safety and 
reliabili ty. This is a complex task because no CUITent theory 
can predict whether any given interface or control room will 
operate as expected. 

Consequentl y, li censing auth or iti es as weIl as plant 
co nstructors and utiliti es fee l a need to develop an 
ergonomic evaluation procedure for the systems using such 
new tec hn olog ies. One meth od that is advocated in 
parti cul ar consists of operator tes ting on full- sca le 
simulators under realistic conditions. The results of the se 
evaluations, which may take several years to perfo rm, will 
all ow detai led analys is of ail th e advantages and 
di sadvantages of the solutions adopted prior to introduction 
of the systems in the control room. 

ln conclusion, the concept of "advanced" control rooms is 
sure to be extensively developed in the nuclear industry 
both for future and existing power plants. The new control 
roOlus wi ll apply new man-machi ne interface technologies 
that will bring far-reaching changes in the role of operators, 
in their interaction with increasingly complex systems and 
in info rmation modes, and wi ll therefore intluence overall 
pl ant safety. Consequentl y, adequ ate resources must be 
devoted to the study of man-machine interfaces to ensure 
that they have been designed in agreement with tried human 
factor principles whereby opera tors meet performance and 
reliability requirements for public health and safety. 
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C. PESCATORE* 

SAFE GEOLOGIC DISPOSAL OF NUCLEAR WASTE: 
THE DEVELOPMENT OF PROBABILISTIC ASSESSMENTS 

P 
robabilistic safety assessments (PSA) have become common tools in the nuclear field. The NEA's Probabilistic 
System Assessment Group (PSAG) has provided timely support to several DECO countries seeking to develop a 
capability to conduct PSAs of potential radioactive waste disposai facilities. International co-operation can be used 

fruitfully to enhance confidence with regard to assessment philosophy, methodology, and tools. 

Many decisions in everyday life are based on beliefs concerning the likelihood of uncertain events such as the outcome of 
an election, the guilt of a defendant or the future value of the Deutsche Mark. At times these decisions, although relying on 
actual data, do not recognise the limited validity of the data and rules which underlie the judgmental and decision process. 
For instance, the apparent distance of an object is determined in part by its clarity: the sharper the object is seen, the c10ser il 
appears ta be. The rule has some general val idity, but reliance on this rule only wou Id lead to systematic errors. 

Structured probabilistic analyses, otherwise known as "probabilistic safety assessments" or "probabilistic risk analyses" 
(PSA or PRA), are the scientific counterparts to the more practical decision-making processes of everyday li fe. ln order to 
quantify the chance of an event, the relati ve validity of the data and the rules governing their analysis first need to be 
assessed before choosing the most appropriate mathematical tools. Although it is understood that PSAs can provide neither 
definitive answers nor ri gorous solutions in a statistical sense, this di sciplined approach fosters confidence and a better 
acceptance of the decisions being taken, so much so that PSAs have become common in the nuclear field and are used to 
support the claim of good engineering practice at, and safety of, nuclear installations. 

The procedures and methodologies for PSAs have been perfected and widely implemented within the nuclear and 
aerospace industry only in the last 25 years. A 1975 study on reactor safety (WASH-1400), published by the USNRC, is 
justly famous both for its new method and its prediction of the Three Mile Island accident sequence. The PSA methodology 
is adequately described in the USNRC's PRA Procedures Guide (1983), but there is as yet no standardised uni versa l 
approach to PSA. Due to the increasing concerns raised by the impacts of human activities on the environment, PSAs are 
now being extended to numerous other fields. 

Safety analyses of the geologic disposai of long-li ved radioacti ve waste can either be deterministic or probab ili sti c, 
depending on the relative weight and mathematical treatment given to specific combinations of possible events, also known 
as "scenarios". In the former, scenarios are seen as totally independent and cannot be averaged with each other, thus 
generating a separate evaluation for each one; in the latter, scenarios have each a likelihood of occurrence and the "most 
likely" consequence can be assessed. 

Probabilistic safety assessment is composed of qualitative and quantitative elements. Qualitati ve analysis identifies 
various failure modes, wh ile quantitative analysis utilises available experience and knowledge of the system components 
and their interactions, in order to provide a numerical value of the probability that the system will perform as intended. The 
quantitative analysis would be meaningless without the qualitative one. 

A qualitative reliability anal ysis is performed with one or more of the following objectives: 

(1 ) to identify weak points or imbalances in design; 
(2) ta aid in the systematic assessment of overall system safety; 
(3) to document and to assess the relative importance of ail identified fai lures; 
(4) to develop the di scipline and objectivity of designers of safety-related systems; 
(5) to provide a systematic compilation of data as a preliminary step to facilitate quantitati ve analys is . 

• DR. CLAUDIO PESCATORE IS A MEMBER OF THE NEA RADIATION PROTECTION AND RADIOACTIVE WASTE MANAGEMENT DIVISION. 
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SAFE GEOLOGIC DISPOSAL OF NUCLEAR WASTE: THE DEVELOPMENT OF PROBABILISTIC ASSESSMENTS 

The quantitati ve analysis calculates the performance of the system and takes into account the uncertainty analysis of 
parameters, models and degree of completeness of the implemented approach. Parameter uncertainties arise from the need to 
estimate parameter values from usually incomplete data from which the analyst must make inferences; model uncertainties 
stem From the inadequacy of the various models to represent reality and From the approach used to estimate probabilities and 
consequences; completeness uncertai nti es are related to the ability of the analyst to evaluate exhaustively ail contributions to 
the unreliability of a system. According to the USNRC Guide, completeness and model uncertainties can never be quantified 
uni voca ll y. It is only discipline and a traceable, transparent and continuous record of ongoing and unsuccessful search for 
new fa ilure modes or previously unforeseen interactions which foster the view that those uncertainties have been reduced to 
the maximum possible extent. 

ln order to quantify uncertai nty, statistical methods are applied. However, because a combination of subjective and 
objective observations are used, the USNRC Guide recognises that "the theory of statistics [ .. . ] only provides tools and 
guidelines [ .. . ], but it is in general too restrictive to satisfy the needs of the uncertainty analyst". Nevertheless, it also states 
that thi s lack of ri gour is not as serious as it may seem, since the most important areas are covered and the most effective 
action is formulated to improve design reliability, thus reducing uncertainty. 

Therefore, although quantitati ve methods cannot demonstrate absolute performance, they are useful in decision-making by 
providing a numerical measure of current knowledge and co llecti ve belief, based on multi-disciplinary references, and, 
fundamentally, confidence to the technical community. lndeed, nuclear power plants are not licensed based on PSA results, 
but a PSA is a mandatory requirement before any operating licence can be delivered and it is constantly reviewed during 
reactor operation. 

THE ·COMPLEXITY OF THE DISPOSAL SYSTEM 

Any geologic di sposaI system for high-Ievel radioactive waste looks deceptively simple: three nested barriers (see 
figure 1) encompassing the waste form and its main container, a system of engineered barri ers (the "near field"), as weil as 
the host rock and shaft seals (the "far field") . The waste form and the engineered barri ers are designed to contain radioactive 
elements and to prevent their transfer to the groundwater system. The ho st rock is meant to maintain a favourable 
environment for the performance of the engineered barriers, as weIl as to slow down and dilute the migration of any 
potential contamination. The longer the retention time is, 
the lower the radio nu clide inventory will be , due to 
radioactive decay. The more dilute the plume, the more 
likely the environmental quality standards will be met. 
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ln practice, each barrier is an heterogeneous system 
whose properties change slowly with time. Since barriers 
are not completely independent from each other, feedback 
effects must also be foreseen and accounted for, su ch as 
radioactive decay heat which affects the local properties of 
the near field. To that effect, the system is broken down 
over and over in subsystems and components until very 
fine detail s are included, such as the geochemistry of 
fracture fillings in the host rock. Changes are engendered 
not only by endogenous factors (e.g. , groundwater attack 
on container materials), but also by exogenous conditions 
(e.g. , tectonic uplift, erosion, glaciation, etc.), which may 
alter the current reference conditions. A safety analysis 
consists of the identification of ail potential scenarios and 
associated processes, including human intrusions, and a 
performance evaluation of the system under their influence 
(see figure 2). 

L-________________________________________________ ~I U 

Figure 1. Schema tic of natural and engineered barriers in a 
nuclear waste disposaI system. 
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SAFE GEOLOGie DISPOSAL OF NueLEAR WASTE: THE DEVELOPMENT OF PROBABILISTle ASSESSMENTS 
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Figure 2. To understand the long-term safety of a waste isolation system a detailed assessment is needed of the performance of ail its 
components and their interactions. 

THE ROU OF THE PSAG 

In 1985 the NEA created a group which was soon to become the Probabi listic System Assessment Group (PSAG). The 
Group has applied itself mostly to analyse the propagation of the numerical uncertainties associated with the parameters oF 
system models designed to predict radionuclide dispersal in the geosphere. Their implemented approach (see figure 3), 
known as "Monte Carlo", assumes that uncertainty can be adequately described using probabilistic values for the model 
parameters. This yields different probabilistic outcomes, which suggests some degree of variabi lity in the system 
performance. The stati stical precision of the analysis depends upon the number of computer runs examined, and ils 
accuracy, on the realism of the mathematical models and the correctness of the fundamental model parameters. 

Most of the PSAG experience has been committed to paper in a set of reports on international code verifications and 
intercomparisons, known as PSACOIN exercises, available From the NEA. The specifications of some of these exercises 
have become benchmark problems in the PSA literature on radioactive waste. The history and achievements of the PSAG 
will be summarised in an NEA report under preparation. 

DEEP REPOSITORY SAFETY 

Through the PSAG, the NEA has provided important and timely support to its Member countries seeking to conduct 
safety assessments of potential radioactive waste disposai facilities. However, at the present stage, a final methodology 
suitable for licensing has not yet been demonstrated. In fact, although it is generally believed that a properly sited and 
designed repository will be able to meet the strictest safety standards, the road towards demonstrating and judging 
compliance with those standards appears to be long and full of potential detours. 

The main intrinsic difficulty is that long-term safety will have to be demonstrated and judged according to circumstantial 
rather th an direct evidence, that is, a "reasonable assurance" that the performance will be as intended. "Reasonable 
assurance", however, is a term of law rather th an a term of science, and it has its counterpart in the "adequate protection" 
(another term of law) of public health and safety that the safety agencies are called upon to ensure. 

Because the concept of reasonable assurance is not entirely objective, it may entail a difficult licensing process whereby 
the "subjective" views of the regulator may not agree completely with those of the licence applicant, and more evidence is 
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SAFE GEOLOGie DISPOSAL OF NueLEAR WASTE: THE DEVELOPMENT OF PROBABILISTle ASSESSMENTS 
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Figu re 3. Schema tic of conceptual representation of a deep disposai system. 

continually requested. For radioactive waste repositories this difficulty is compounded by at least two additional aspects: 
(a) the fact that any deep disposai facility will be one of a kind in every country; and (b) the increasingly speculative 
character of any performance evaluation as it attempts to predict events which are to take place further and further in time, 
versus the strict and fixed-in-time nature of the safety standards'. The latter problem is especially important in the case of 
PSAs, where there may be a temptation to take the predicted performance measures at face value. 

Indeed, the statement is sometimes made that probabilistic calcu lations are necessary in order to avoid unrealistic 
pessimism in the choice of models, which may lead sorne to conclude that the PSA offers a realistic representation of reality 
in the sense that the predicted variabi lity incorporates the real evolution of the system. However, it is as yet impossible to 
defend any narrow uncertainty band on any projected long-term performance measure which intends to be "realistic" 
because we lack a methodology to quantify model and completeness uncertainties, and future work should address this 
question . 

In practice, because reasonable assurance is largely subjective, it is the whole case that will need to be taken into account, 
including non-quantifiable aspects, such as the transparency and openness of the implementing agencies ' case, the 
application of a methodology which stri ves to identify ail decision points and accepted or di scounted uncertainties, not to 
mention the overall logic of the argumentation. Thus, the demonstration of safety requires confidence building through a 
number of qualitative, quantitative, and even intangible steps which may depend on the specific culture of each country for 
building consensus. 

Finally, it is fair to say that a ruling of reasonable assurance is not likely to be rendered until the technical community at 
large and the most prepared technical interveners feel comfortable with su ch a ruling. This may depend not only on the 
quality of the evidence as di scussed above, but also on other extrinsic factors, such as future changes in the perception of 
risk, the increased utili sation of ri sk assessment methods for analysing societal choices with potentiallong-term impacts, and 
the end of the dichotomy between nuclear and non-nuclear, hazardous waste. Once again, this wi ll need time. In order to 
speed up the process it would be helpful if the nuclear waste management agencies were to engage themselves into 
educational programmes aimed at raising the level of knowledge and expertise about nuclear waste and risk assessment. In 
fact, there exists as yet no specialized university curriculum in nuclear waste management and disposaI. Direct dialogue and 
debate with the public and with the interveners are also needed in order to promote an emotion-free and rational approach to 
the issue of judging the safety of nuclear waste repositories. To sorne extent this is taking place already, but there is no royal 
road to proving safety . 

. Gencra ll y, the Jaller confonn 10 or are more siringent than one of the following: a dose constraint of 1 mS v/a for members of the publ ic or 1 O-~ as the upper li mit for the 

an nuai ri sk of severe health effects by the affecled individual. These criteri a appl y over 10.000 years or longer. Some regul at ions. however. require a strict quantitati ve 
analysis only up ta 10.000 years after disposaI. 
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P. SAUNDERS* 

RADIOACTIVE WASTE MANAGEMENT IN PERSPECTIVE 

R adioactive waste management is an important step in the nuclear fuel cycle and raises various concerns in the 
public, often due to ignorance of basic scientific facts and the current status of implementation of national waste 
management programmes. With this in mind, the NEA will be publishing in early spring a generic study entitled 

Radioactive Waste Management in Perspective, which is intented to help a wide unspecialised readership take stock of the 
state of the art in this field. 

Radioactive waste is commonly perceived at best as an 
un solved problem and at worst as an in so lubl e one. 
Although only less than 1 % of ail toxic wastes generated in 
OECD countries each year is radioactive, nuclear wastes 
have received more attention and cause more public con cern 
th an most other types of potentially hazardous wastes, some 
of which are equally toxic and long-lived. Many people see 
the wastes as uniquely dangerous, and the need for long
term isolation as one that places unacceptable burdens upon 
future generations. There is little public awareness of the 
broad scientific and technical consensus that ail categories 
of radioacti ve waste can be managed and disposed of in 
accordance with ail regulatory requirements by the careful 
application of currently available technologies, or of the fact 
that many stages of waste man agement, including the 
disposai of some categories, have been safely implemented 
for man y years. Consequently, the situation demands that 
the public be as fully informed as possible about the issues 
at stake, and take the greatest possible part in the decision
making process. 

The primary objective of radioactive waste management 
is to protect current and future generations from 
unacceptable exposures to radiation from the wastes, in 
accord an ce with the three basic radiation protection 
principles recommended by the International Commission 
on Radiological Protection (ICRP): justification ; 
optimisation of protection, and limitation of individual dose 
and risk. National re gulations and standards also 
incorporate other internationally agreed criteria, such as the 
fact that the level of protection of future generations should 
be at least equivalent to that of the present generation and 
that safety should not depend on the maintenance of 
disposai systems by future generations beyond a limited 
period of surveillance. 

The origin and nature of each category of low-Ievel and 
medium-level radioactive wastes generated throughout the 
nuclear fuel cycle, whether gaseous, liquid or solid, are 
discussed. Various disposai options exist in each case, 
ranging From filtration and monitored release of low-Ievel 

• MR. PETER SAUNDERS IS A FREE-LANCE TECHNICAL WRITER AND 
CONSULTANT ON ENERGY AND ENVIRONMENTAL ISSUES. 

gaseous effluents to chemical treatment, compaction or 
incineration of low-levelliquid or solid wastes, to near
surface or underground di sposai after immob ili sati on in 
con crete or bitumen in the case of medi um-Ievel wastes, 
such as industrial and medical radioisotope sources. 

The si tuation is somewhat different when it comes to 
hi gh-Ievel wastes which include spent fuel from nuclear 
reactors and wastes generated by the reprocessing of that 
fuel. Although no country has yet implemented a permanent 
disposaI system, reprocessing wastes are currently vi tri fied 
and sealed in stainless steel containers, while spent fuel is 
stored in cooling ponds at reactor sites for at least several 
decades pending encapsulation. In both cases disposai will 
be deep underground in various stable geologic formations, 
such as granite or sa lt , where potential radioacti ve 
contamination will be contained by multiple barriers, 
includin g the conditionin g of the was te it se lf, the 
engineered structures of the repository and the retentive 
power of the host rock between the repos itory and the 
surface . Extensive research is go ing on in thi s fi eld , 
resulting in numerous phys ical, chemical, biological and 
hydrogeological studi es which provide a more precise 
quantitative understanding of the complex processes that 
might affect the safety of waste repositories. Empirical 
studies of existing di sposa i facilitie s in undergrou nd 
laboratories are also under way. 

Each potential underground disposai site is subject to a 
detailed safety assessment prior to disposai in order to 
de mon strate that a specific rad ioactive waste management 
operation at a specific site will satisfy the relevant safety 
requirements under ail conceivable future circumstances. 
Assessment of the effectiveness of a long-li ved was te 
disposai concept has to consider ail the possible pathways 
by which radionuclides could be transmitted from the 
repository to people. Each pathway is assessed by the use of 
mathematical data From laboratory and field research 
programmes . Assessment of the overall safety of the 
disposai system draws together the analysis of the various 
possible pathways and the interaction between them. The 
outcome of the assessment is a prediction of the long-term 
radiologica l consequences of the di sposa i in terms of 
radiation doses to indi viduals or groups of people ass umed 
to be living in the vicinity at some time in the distant future. 

~ .... N.E.A .. N.e.W.SI.et.te.r.Fa.I.I.19.9.4 ............................................................. 1 
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RADIOACTIVE WASTE MANAGEMENT IN PERSPECTIVE 

The NEA and the IAEA have recently reviewed existing 
methodologies for safety assessment and the practical 
experience gai ned from the wide range of assessments 
carried out by many national and international bodies. Their 
revi ew resulted in 1991 in the publication of a co llecti ve 
opinion, enti tled Disposai of Radioactive Waste: Can Long
lerlll Safety Be Evaluated?, which recogni ses that there is 
now wide agreement on th e engineering, physical and 
chemical principles of the design of a repository. It also 
registers real progress in setting up, testing and improving 
the conceptual framework and the technical tools necessary 
fo r long-term safety assessments. 

Apart from issues related to environmental concerns and 
Ih e protec ti on of future ge nerati ons, the financing of 
radi oacti ve waste management, dominated by the cost of 
encapsulating and disposing of high-Ievel wastes, is also a 
major concern . The fact that it costs 10 times more to 
manage radioacti ve wastes than other waste categories, may 
appear prohibitive, and most countries have adopted the 
"polluter pays principle" for financing their radioactive 
waste management and di sposa i programmes. However 
straightforward the application of this principle may appear 
in the case of short-term operations, such as effluent c1ean
up and temporary storage, its implementati on becomes 
more complex when it comes to the differed di sposai of 
high-Ievel wastes, fo r example. Such long-term operations 
do require special funding provisions which will have to 
lake into account uncertainties concerning the preci se nature 
and timing of those activities. Generally speaking, though, 
the NEA recentl y co mpared th e es timated costs fo r 
encapsul ati on and di sposai of hi gh -I eve l wastes for a 
number of countri es, expressed as the cost per unit of 
electricity produced, and concluded that radioacti ve waste 
management costs represented in ail cases only a small 
fraction of the generation costs. 

Last but not least, the risk of transboundary pollution by 
radi oactive materials, the transport of spent fuel between 
countries and the poss ible smuggling of radioactive waste 
for use in nuclear weapons, emphasise the international 
di mension to Ihe issue. 
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Examples of concepts for the disposai of low-Ievel and high-Ievel 
waste. 

Ali of these factors necessa ril y influence public 
perception and opinion, and some progress is being made in 
increasing acceptance of radioactive waste management 
activities. This may be due to a growing awareness of the 
part that nuclear power can play in all ev iating the problems 
of greenhouse gas emissions. Several recent public opinion 
polis in a number of OECD countries suggest that nuclear 
power, while not positively weicomed, is now seen by the 
majority of people as hav ing an essential role in future 
energy supplies. As more people come to accept that there 
is a need for nuclear power, there is likely to be less 
opposition, at least in principle, to the di sposai of the 
res ultin g wastes , but only in sofar as peop le can be 
convinced that everything poss ible is being done to ensure 
safety. 
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THE NUCLEAR POWER SITUATION IN OECD COUNTRIES 

SITUATION AS OF 31 DECEMBER 1993 

At the end of 1993, the total capacity provided by the 339 reactors now installed was 28l.1 gigawatts (GWe). Another 
24 reactors (25.6 GWe) were under construction and three (2.8 GWe) were firmly committed. The total capacity of nllclear 
power plants in NEA cOllntries in the year 2000 is projected to be about 307 GWe. The 1.5 GWe of capacity that are 
expected to be retired before the year 2000 are already dedllcted From these projections. 

(Net GWe) NUCLEAR ELECTRICITY CAPACITY IN NEA COUNTRIES 

1993 Actual 1995 
COUNTRY* 

Nuclear % Nuclear % 

Belgium 5.6 39.4 5.6 38.1 
Canada 15 .5 14.3 15 .5 13.8 
Fin land 2.3 18.3 2.3 16.9 
France 59.0 55. 1 58.5 54.4 
Germany 22.6 19.5 23. 1 ** 19.7 
ltaly - - - -

Japan 36.7 19.7 39.6** 20.3 
Korea 7.6 28.0 8.6 27.7 
Netherlands 0.5 2.6 0.5 2.5 
Spain 7.4 16.4 7.4** 16.1 
Sweden 10.0 29.3 10.0 28.7 
Switzerland 3.0 J9.4 3.2 20. 1 
Turkey - - - -

United Kingdom Il.9** 18.2 13.1 ** 17.0 
United States 99.0 13.2 100.0 13.1 

OECDTotal 281.1 16.5 287.4 16.3 

(Net GWe) STATUS OF NUCLEAR POWER PLANTS 

Connected Under Firmly 
to the grid construction committed 

COUNTRY* 
Units Capacity Units Capacity Units Capacity 

Belgium 7 5.6 - - - -

Canada 22 15.5 - - - -

Finland 4 2.3 - - - -

France 57 59.0 4 5.8 - -
Gennany 21 22.6 - - - -

Italy - - - - - -

Japan 47 36.7*** 7 6.6 1 0.8*** 
Korea 9 7.6 7 6. 1 2 2.0 
Netherlands 2 0.5 - - - -

Spain 9 7.4 - - - -

Sweden 12 10.0 - - - -

Switzerland 5 3.0 - - - -

Turkey - - - - - -

United Kingdom 35 11.9 1 1.2 - -

United States 109 99.0 5 5.9 - -

OECD Total 339 281.1 24 25.6 3 2.8 

* 
** 

The NEA countries listed here included on ly those which currently have a nuclear power programme. 
Estimate established by the NEA Secretariat. 

*** Gross data con verted to net by the NEA Secretariat. 
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Nuclear % 

5.6** 34.8 
15.5 13.5 
2.3 14.8 

64.3 54.4 
23.1 ** 19.6 
- -

47.5** 21 3 
13.7 32.4 
0.5 2.5 
7.4 13.9 

10.0** 28.6 
3.2 18.8 
- -

12.9** 15.7 
101 .0 12.7 

307.0 16.2 

Planned 

Units Capacity 

- -

- -
- -

8 11.6 
- -

4 4.0 
22 243*** 
8 7.4 
2 1.2 
4 3.0 
- -
- -

2 2.0 
- -

- -

50 53.5 



1 NEWS BRIEFS 
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NEW NEA REPORT: UABIUTY AND COMPENSATION FOR NUCLEAR DAMAGE 

The OECD Nuclear Energy Agency has just published a new report on the current status and future prospects of the 
international regime for the Iiability and compensation of nuclear damage. 

The potential hazards of nuclear power have been recognised from the very beginning. Although the chances of an 
acc ident are small , the consequences may be both severe and widespread, affecting the population and environment of many 
countries. A special regime of liability and compensation for nuclear damage was therefore established as early as the 
1960s, differing From the corn mon law and accommodating the unique features of nuclear activ ities. This regime is 
embodied in several international Conventions which channel the liability to the operator of the installation causing the 
damage and require that he have financial coverage consistent with his potentialliability. 

The Chernobyl di saster put to test this international regime and revealed a number of weaknesses, notably due to the fact 
that several countries with reactors with insufficient safety Ievels were not parties to any of these international conventions, 
and that, in any case, not ail the potential damage was covered under the conventions. 

As a consequence, with in the context of the IAEA and the OECD/NEA, States have begun a fundamental reappraisal of 
the international li ab ility and compensation regime, and are studying at present the possibility of concluding a new 
convention or improving the old ones. However, there remain differences of opinion and approaches among the countries 
involved, and this revision process is Ii kely to last for sorne time. 

The new NEA report, aimed at a wide readership, describes the basic elements of the existing Conventions, the question of 
insurance coverage, and typical legislation in countries which are Parties - or not - to the Conventions. lt discusses the 
need to modernise and to broaden the scope of the international Ii abi lity system in response to the gaps and deficiencies 
revealed by the Chernobyl accident. In this context, the report outlines both the problems in the existing Conventions and 
the challenges for the future . Finally, there is a brief summary of the ongoing efforts to revise the Vienna Convention in 
order to arrive at a compensation sys tem that wi ll be acceptab le to ail States, and of the proposais to date for a 
supplementary funding scheme to provide additional compensation for the victims beyond the liability Iimit of the operator 
whose installation is responsible for the damage. 

The texts of the major international nuclear liability conventions are reproduced in this book. 

ACCESS TO NEA INFORMATION THROUGH INTERNET 

DATA BANK 

ContaclÏng the NEA Dota Bank 

' ......... 10....,..> 
(EamlBitnet) ex __ > 

(X26-PB1) 
""""-PB1) 

Kinds of documents available: 

• Issues Briefs 
• index to Nuclear Law Bulletin 
• NEA Publications catalogue 
• press releases 
• NEA Annual Report 
• table of contents of the NEA Newsletter 
• databases for nuclear sc ience engineeri ng software and data. 

To become a registered user: 

• Send an e-mail toNEA@nea.fr 
or 
• login through Telnet to db.nea.fr with username NEADB 
or 
• connect through WWW to http:// www.nea.fr/ 
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NEW PUBLICATIONS 

NEA ACTIVITY REPORT 1993 
Free upon request 

NUCLEAR ENERGY DATA 1994 
Bil. - ISBN 92-64-04 122-2 
Price: France FF 70 - Other countries: FF 90 US$ 17 DM 29. 

Nuc/ear Energy DaIa is the OECD Nuclear Energy Agency's an nuai 
compil ation of basic stati stics on elec tri city generation and nuclear 
power in OECD co untri es . The reader will find quick and easy 
reference to the present status of and projected trends in total electricity 
generating capacity, nuclear generating capac ity, and actual electricity 
production, as we il as on suppl y and demand for nu clea r fuel 
cycle services. 

NEW MAN·MACHINE INTERFACES 
IN NUCLEAR POWER PLANTS 
ISBN 92-64-14329-7 
Priee: France FF 150 - Other countries : FFE 195 US$ 36 DM 59. 

The rapid development of advanced computeri sed technologies and the 
ack now ledgment that human factors signifi ca ntl y contribute to 
abnollnal events during nuclear power plant operation, underscore the 
growing importance of the interaction between man and machine. 

This report presents the current thinking about thi s issue. In particu lar, it 
reviews those aspects of power plant operation related to the des ign, 
eva luation and li censin g of new man-machine interac ti ons, alarm 
co mputeri sa ti on as a support to operators, expert systems such as 
artificial intelligence, man-machine task allocation, and methodologies 
for th e ergo nomic eva lu ation and va lidati on of advanced nuclear 
power plants. 

THREE MILE ISLAND REACTOR PRESSURE VESSEL 
INVESTIGATION PROJECT 
Achievements and Significant Results 
Proceedings of an open forum sponsored by OECD/NEA 
and USNRC, 
Boston, USA, 20-22 October 1993 
ISBN 92-64- 14134-0 
Price: France FF 185 - Other Countries: FF 240 US$ 42 DM 73. 

The Three Mile Island Vessel In vestigation Project (TMI-VIP) was an 
international research project undertaken by eleven Member cou nt ries 
of the OECD Nuclear Energy Agency From 1988 to 1993. The TMI-2 
acc ident was a unique opportunity to stud y a severe accident in a 
commercial pressuri sed-water reactor (PWR). The TMI-VIP was set up 
when the damage was found to be more extensive than thought initiall y, 
in order to determine and assess the conditions of the lower head of the 
rcactor vesse l. 

The TMI-VIP was successful in the difficult task of recovering vessel 
sampi es and has enabled both scienti sts and engineers to obtain a better 
understanding of reactor press ure vesse l structural integrity under 
beyo nd-d es ign-b as is co nditi ons. From thi s und erstanding, 
improvements in severe acc ident management and designs for future 
sys tem s ma y be derived. The open forum presented th e 
accompli shments of the project in the context of the overall evolution of 
nu clea r safe ty and th e benefits of intern ation al co-operation in 
nuclear research. 
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THE ECONOMICS OF THE NUCLEAR FUEL CYCLE 
ISBN 92-64-14154-5 
Priee: France FF 200 - Other countries: FP 260 US$ 46 DM 79. 

This study updates the 1985 NEA report and presents a comprehensive 
analysis of the indi vidual and total costs of the nuclear fuel cycle for a 
pressuri sed water reactor (PWR) to be commissioned in the year 2000 
for both direct disposai and reprocessing routes. Sensitivity cases are 
di scussed and fuel cycles of other reactor types are also considered. 

NUCLEAR WASTE BULLETIN - June 1994 
Free upon request 

PROCEEDINGS OF THE FOURTH INTERNATIONAL 
SYMPOSIUM ON THE OECD/NEA STRIPA PROJECT 
Stockholm, Sweden, 14-16 October 1992 
ISB N 92-64- 14225-8 (669402 1) 
Price: France FF 250 - Other countries: FF 325 US$ 55 DM 97. 

The International Stripa Projec t was laun ched in 1980 under th e 
auspi ces of the OECD Nuclear Energy Agency at the disused Stripa 
iron-ore mine in Sweden to study the abi lity of crystalline rock to isolate 
rad ioac ti ve waste . The projec t is now co mpl eted and the final 
symposium was held on 14-16 October 1992 in Stockholm. This is the 
fourth and final proceedings from a series of symposia held to review 
progress in the three main areas covered by the Project: (1) th e 
deve lopmcnt and improve ment of site assess ment methods and 
concepts; (2) characteri sation of the Stripa granite and va lidat ion of 
concepts for groundwater f10w and radionucli de transport through 
fractures; and (3) techniques and material s for the engineered sealing of 
possible groundwater f10w paths through crystalline rock. 

POWER GENERATION CHOICES: 
COSTS, RISKS AND EXTERNALITIES 
Proceedings of an Internati onal Symposium 
Washington, USA, 23-24 September 1993 
Organised by the OECD Nuclear Energy Agency 
and the Oak Ridge National Laboratory 
ISB N 92-64- 14236-3 
Price: France FF 250 
Other countries: FFE 325 US$ 60 DM 94. 

Power generation choices depend on the costs, risks and extern al ities 
associated with the technologies under consideration. These proceedings 
prese nt a co mprehensive rev iew of the tota l cos t of elec trici ty 
generating technologies, with particular emphasis on nuclear power. 

Some papers concentrate on the political, economical and social aspects 
related to power generation choices in a number of OECD countries 
(Canada, France, Germany, Italy, Japan, Sweden, Sw itzer land, the 
United Kingdom and the United States) . Other present the state of the 
art in economic analysis from a total co st perspecti ve within a pragmatic 
deci sion-maki ng context, including environmental and health issues, 
trade, security of suppl y, ri sks related to public acceptanee, as weil as 
the criteria to be used in economic comparisons. 



1 NEW PUBLICATIONS 

NUCLEAR SAFETY RESEARCH IN OECD COUNTRIES 
ISBN 92-64- 14248-7 
Price : France FF 120 - Other countries : FF 155 US$29 DM47 

There is cUITently a range of specific safety concerns which are broadly 
shared th rougho ut the intern ati onal nu clea r sa fety community. 
Continuing research is necessary to address many of these concerns. In 
thi s repo rt seni Qr experts have reviewed the nuclear safet y research 
currentl y being perfonned and set down their views on likely future 
needs and priori ties; they have ident ified a number of research topics of 
outstandi ng importance to which priority should be given. The need for 
international coll aboration will be strengthened in coming years as 
budget and man power resource pressures grow. 

INTERMEDIATE ENERGY NUCLEAR DATA : 
MODELS AND CODES 
Proceecl ings of a Specialists' Meeting 
Issy-les-Moulineaux (France) 30 May-I June 1994 
ISBN 92-64-13278-9 
Price: France: FF 255 - Other countries: FF 320 US$ 59 DM 97. 

This speciali sts' meeting was organi sed as a follow-up to the recent 
cxe rcise initiated by th e NEA Nuclear Sc ience Co mmittee on an 
Illlercomparison of cocles and models used to calculate nuclear reac tion 
processes From 20 to 1600 MeV.This stud y was initi atecl to help 
determine the predicti ve ability of CUITent nuclear reaclion and transport 
codes for future design concepts for transmutation as weil as for other 
appli cation areas , such as rad iati on oncology, accelerator shielding, 
astrophys ics, radiation during space trave l, etc. 

The purpose of the mee ting was to disc uss the results of the two 
benchmark exercises which has been organised by the NEA. The first 
one on microscopic nuclear reaction calculations (thin target) for which 
Ihe res ult s has been publi shed prior to Ihe meetin g. The second 
exercise, on transport calculations (thick target), is still in progress. 

NUCLEAR LAW BULLETIN 
An nual Subscripl ion - France: FF 200 
Other Countries: FF 220 US$ 42 DM 84. 
No. 53 - June 1994 
No. 54 - December 1994 

RADIATION PROTECTION: TODAY AND TOMORROW 
A collecti ve opinion of the NEA Comminee on Radiation Protection 

ARAP: THE INTERNATIONAL ALLIGATOR RIVERS 
ANALOGUE PROJECT - Background and Results 
Free on request 

NUCLEAR PROGRAM ABSTRACTS 
NEA - IAEA Series 
November 1994 
Free upon request 

NUCLEAR PROGRAM ABSTRACTS 
RSIC - ESTSC - USDCD - Series 
November 1994 
Free upon request 

NUCLEAR PROGRAM ABSTRACTS - INDEX 
November 1994 
Free upon request 

PROCEEDINGS OF A SEMINAR ON NJOY-91 
AND THEMIS FOR THE PROCESSING OF EVALUATED 
NUCLEAR DATA FILES 
Saclay (France), 7-8 April 1992 
Free on request 

PROCEEDINGS OF THE SEMINAR ON SCALE-4 
AND RELATED MODULAR SYSTEMS FOR 
THE EVALUATION ON NUCLAR FACILITIES 
AND PACKAGE DESIGN FEATURING CRITICALlTY, 
SHIELDING AND TRANSFER CAPABILITIES 
Saclay (France), 17-19 September 1991 
Free upon requesl 

NUCLEAR POWER PLANT OCCUPATIONAL EXPOSURES 
IN OECD COUNTRIES - 1969-1993 (ISOE) 
Free upon request 

and Public Health . CATALOGUE OF NEA PUBLICATIONS - June 1994 
Free upon request Free upon request 
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MAIN SALES OUTLETS OF OECD PUBLICATIONS 
PRINCIPAUX POINTS DE VENTE DES PUBLICATIONS DE L'OCDE 

ARGENTINA - ARGENTINE 
Carlos Hirsch S.R.L. 
Galerîa Güemes, Florida 165, 4° Piso 
1333 Buenos Aires Tel. (1) 331.1787 Y 331.2391 

Telefax : (1) 33 1.1787 

AUSTRALIA - AUSTRALIE 
D.A. Infonnation Services 
648 Whitehorse Road, P.O.B 163 
Mitcharn, Victoria 3132 Tel. (03) 873.4411 

Telefax : (03) 873.5679 

AUSTRIA - AUTRICHE 
Gerold & Co. 
Graben 31 
Wien 1 Tel. (0222) 533.50. 14 

BELGIUM - BELGIQUE 
Jean De Lannoy 
Avenue du Roi 202 
B-I060 Bruxelles Tel. (02) 538.51.69/538.08.41 

Telefax: (02) 538.08.41 

CANADA 
Renouf Publishing Company Ltd. 
1294 Algoma Road 
Ottawa, ON KIB 3W8 Tel. (613) 741.4333 

Stores: 
61 Sparks Street 
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