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DEVELOPING A COHERENT APPROACH TO 
RADIATION PROTECTION AND NUCLEAR SAFETY 
K. Stadie 

R adiation protection and nuclear safety 
represen t the two sides of the same 
coin. They are complementary in the 

protection of man and his environment, and 
as such, they together can make the use of 
nuclear fission acceptable from the risk point 
ofview. 

Bath disciplines thus share a common objec
tive , but they pursue their aims in different 
ways. One of the priority tasks of the nuclear 
community is therefore to reconcile these 
differences, which, in part, are more apparent 
than real. 

THE ORIGINS OF NUCLEAR SAFETY 
AND RADIATION PROTECTION 

The sophisticated safety techniques used by 
the nuclear power industry are the end result 
of a long series of efforts, begun by the early 
inventors of machines and structures , to 
prevent accidents. Of course, these pioneers 
were often handicapped by their limited 
knowledge , and , as a result, the road to pro
gress in many technologies was paved with 
numerous accidents and disasters which, in 
turn , provided the necessary les sons to do 
better next time. 

The OECD Nuclear Energy Agency sponsored a 
first international seminar on interface 
questions in nuclear health and safety in April 
1985, bringing together scientists, engineers 
and regulators from radiation protection, 
nuclear safety and radioactive waste manage
ment. A second interface seminar was held on 
12th-13th September 1990, at which most 
regulatory authorities and scientific/technical 
bodies in nuclear safety and radiation protec
tion, including the International Commission 
on Radiological Protection (ICRPJ, were 
represented at the highest level. Contrary to the 
earlier meeting , the scope was limited to 
radiation protection and nuclear safety, where 
the problems are particularly pressing. At the 
end, there was a consensus among the partici
pants that progress was possible on a number of 
aspects, despite the challenges presented by the 
new recommendations of the ICRP. To follow 
up the interface seminar, it is foreseen that ad 
hoc working groups be formed jointly by the 
NEA Committee on Radiation Protection and 
Public Health (CRPPH), the Committee on the 
Safety of Nuclear Installations (CSNI), and the 
Committee on Nuclear Regulatory Activities 
(CNRA) , to tackle specifie questions without 
delay. The present article offers a review of the 
dialogue that took place at this meeting. 

MR. KLAUS STADIE IS DEPUTY DlRECTOR OF THE OECD NU
CLEAR ENERGY AGENCY (NUCLEAR SAFETY AND REGULATION) 

As structures, and particularly machines, 
increased their scope and power, potentially 
endangering a larger number of people, added 
safety margins and diligence - the main 
weapons against accidents - did not suffice. 

lt became obvious that a new approach was 
needed to control technological risks, by 
making the possibility of accidents very re
mote. The accidentaI behaviour of machines 
was increasingly analysed, and a myriad of 
systems, components and barri ers were 
developed and added, to circumvent human 
shortcomings and lack of understanding, and 
thus reduce the probability of harm. Diverse 
and redundant means of shutting down 
machines were devise d, and harmful subs
tances were increasingly separated from the 
biosphere by several independent barriers , 
each protected by safety systems to ensure that 
their limits were not exceeded. This defence
in-depth philosophy constitutes an integral 
part of today 's industrial development, with 
the result that modern technology has attained 
an extremely high resistance to catastrophic 
failures . The nuclear industry has built on this 
foundation and has raised the concept of safety 
to a very high level , which is applied both for 
accident analysis and for finding ways to limit 
the probability of accidents and ta mitigate 
their consequences. 

In contrast to nuclear safety as defined above, 
the radiation protection discipline derives its 
origin from medicin e, which has always 
occupied a special place in society. Its 
lifesaving qualities were perceived long before 
Aesculap, and medical doctors, together with a 
limited number of researchers in physics, were 
the first to knowingly suffer from man-made 
radiation , at the turn of the century. They 
were consequently the first to react and to set 
limits on the exposure to radiation - more 
than 80 years ago at nationallevels, and more 
than 60 years ago internationally. In other 
words, efforts were well under way to limit 
radiation risks before fission was known to be 
capable of producing energy on a large scale. 

Early radiation protection measures were 
concerned with high doses that were proven to 
cause biological harm. Reduced time of 
exposure, shielding, and distance from the 
source were identified as the means to limit 
the risk. With the growth of epidemiological 
studies and the increasing use of fission 
energy, statistical approaches were introduced 
in the 1970s. 

Nature is by far the largest radiation source. 
Background radiation varies by more than an 
order of magnitude between different regions 
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of the glob e, and also varies with time. 
Despite this vast statistica l basis, research has 
not been able to provide conclusive proof that 
radiation risk is proportional to exposure at 
su ch relatively low levels. However, because 
one can rationa ll y acce pt a probabi li stic 
model for the induction of cancer at the level 
of a sin~le cell , the lnternational Commission 
on Rad iologi cal Prote ction (ICRP) has 
prudently promul~ated a radiati on protection 
philosophy that is based on th e hypothesis of a 
proportional correlation betw een risks and 
exposures at low radiation levels. 

Radiation strikes humans individually and 
invisibly, while accidents are very vis ible, 
since they often affect rnany people in a single 
event. lt is therefore not surprising that the 
rad iation protec tion community, which in 
addition is associated with the medical profes
sion , is held in higher regard by our 
compatriots than engineers and scientists, who 
are accountab le for the prevention of acci 
dents . This difference in attitude ev idently 
overshadows the dialogue between bath disci
plines. 

DEVELOPING A COMMON APPROACH 
- FUNDAMENTAL ISSUES 

Radiation protection and nuclear safety have 
evolved along simi lar !ines. Both began by 
setting lirnits ta radia tion exposure or by 
setting specific safety objectives (for example 
the concept of a design basis accident), and 

both have gradually broadened their scope by 
recognizing that it is not intellectually honest 
ta arbitrarily define a threshold; because J'ust 
as a dose of radiation must be presume to 
result in sorne probability of fatal cancer, the 
operation of a nuclear plant must be presumed 
to involve sorne probability of an accident. 

The abse nce of a threshold of risk is thus 
common ta bath disciplines today, and in bath 
cases, everything must be done to ensure that 
doses or risks are as low as reasonably 
achievable. The problem is to decide what is 
to be considered reasonable, or how safe is safe 
enough. Given that the risk of a nuclear power 
plant having an accident, or of an individual 
developing cancer from radiation , is essen
tially probabilistic in nature, both disciplines 
now face the same challenge: how to deter
mine a level below which the risk cannot be 
defined weil enough and thus requires to be 
treated differently. 

Reg Farmer, one of th e key architects of 
Probabilistic Risk Assessment , has insisted 
that the probability range of 10-6 and 10-7 (i.e. 
one in a million and one in 10 million) per 
year represents the lowest leve l of risk at 
which major engineeri ng projects can be 
assessed , given the current state of knowledge 
about equipment and system behaviour, let 
alone human behaviour. An increasing num
ber of safety experts therefore argue that a 10-7 

or 10-8 probability could provide a level below 
which a change of treatment for nuclear safety 
considerations could be required. 

NEA NEWSLEITER 
AUTUMN 1990 Radiatioll protection measures are key elements of 011 nuc/ear maintenance activities. 



RADIATION PROTECTION AND NUCLEAR SAFETY 

At the same time, it is well accepted in the 
radiation protection community that radio
bio logical mechanisms for small doses and 
dose rates are different from those observed at 
high doses and dose rates. A realistic sys tem 
of radiation protection should allow for these 
differences and rec ommend actions and 
interventions th at are appropriate for the 
exposure conditions to be faced in practice. 

There are , therefore, grounds for believing that 
both communities will find a way to constrain 
the range in which risks are assessed by exclu
ding, or at least treati ng differently, very large 
and very unlikely nuclear accidents , and very 
large numbers of very small individual expo
sures in the calculation of co llective detri
ments. Both communiti es, which have up to 
now been all-encompassing in their efforts, 
now seem to recognize that there are extremes 
which are currently beyo nd our grasp, but 
which, at the same time , are unlikely to matter 
much in public health and safety. It is often 
these extremes that provide a fo cal point for 
those who contest nuclear power. 

MORE SPECIFIC ISSUES 

Safety goals expressing the acceptable level of 
risk to publi c health and safety from the 
operation of nuclear power plants have been 
dev elop ed in many countri es. There are 
problems in proving compliance with such 
goals, because of large uncertainties and limi
tations in probab ili stic safe ty anal ys is me
thod s, as wei l as lack of adequate data. 
Moreover, humans form a link that is difficult 
to define in complex technical systems, adding 
to the uncertainties . 

The safety goals also often refer to individual 
dos es on ly, disregarding economi c cons e
quences or land interdiction , which should 
logicall y be included. Th e issue still to be 
addressed is , therefore, whether there can be 
an aggregated meas ure of harm fr om an 
accident involving different types of impact. 

For routine op erat ions, the Internation al 
Commission on Radiological Protection (ICRP) 

has recommended optimisati on of protection 
in order to obtain the best level of protection , 
given all the facto rs that come into play. Cost
benefit and multi-attribute ana lyses are typical 
decision-ai ding techniques used to accomplish 
this objecti ve. Examples exist in th e nucl ear 
industry in the are a of nuclear power plant 
mai ntenance, demonstrating the applica tion of 
th ese methods. 

Th e effort s by th e ICRP to extend the op ti
misation techniques to acc ident si tuati ons are 
somet imes criti cised by th e nuclea r safety 
community. Nuclear safety approaches are not 
eas ily amenable to simple and straightforward 
methods such as cos t -benefi t analyses . One 
intrinsic difficulty is the absence of a reason
ably accurate and meaningful measure of 
collec tive harm from an acc id ent. as men
tioned earli er. In order to be successful. opti
misation has therefore to be used in a rather 
broad sens e. Th e usual approac h by th e 
nuclear safety community has been to search 
continuously for better solutions and techni cal 
progress beyond th e mere fulfilment of formai 
requirements. This makes it more difficult 10 
argue the "safe enough" case. Nevertheless , 
effective mitigation of off-s ite consequences by 
ap propriate acciden t manageme nt , which is 
large ly independent of accident frequen cy, 
seems an important step in that direction . 

Concerning the biological basis of radiation 
effects, the ICRP has concluded from ils review 
of radiobiol ogical and epid emiolog ical data 
that risks associated with ionizing rad iation 
are abou t three times higher than est imated a 
decade ago. This requires some changes in the 
ICRP recommend atio ns, notabl y regarding 
occupational exposure dose limits, which wi ll 
be reduced from 50 milli sieve rts (mSv) per 
year to 20 mSv, with sorne provisions to allow 
for fl exibility. Al though il is generally felt t hat 
the nuclear industry will be able to "live" with 
the new dose limits, problems may arise with 
sorn e mining practi ces as weil as for some 
groups of skill ed workers in nuclear power 
plants. Increased atten ti on will have to be 
paid to job planning. traini ng. robotics. and 
radiation field control techniqu es. 

1 t is evident that the approach used by both the radiation protec tion and the nuclear sarety 
community to assess and to cope with radi ati on risks in the nuclear industry is rather rigourous. 

Probabilisti c assessment per se does not rule out any chall enge to a nu clear install ation , and the 
ICRP radiation protection philosophy does not neglect any dose, no matter how smal!. ln recent 
years, both the experts and the public have focused attention on the indeterminate range - often to 
the detriment of concentrating on those probability ranges that are more in the realm of human 
experience and understanding, and that matter most for public health and sa fety. This recognition 
is a large step forward , and provides a basis for radiation protection and nuclear safety to resolve[J 
the remaining questions. 
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C urrently 80 per cent of the world's nuclear capacity is located in OECD countries , and other 
parts of the world rely proportionately more on fossi! fuels. As these regions develop, and try 
to resolve their environmental problems and to ensure reliable energy supplies, the potential 

construction of nuclear power stations becomes increasingly a matter for study. 

Figure A illustrates the near-term increase in primary energy demand. It also shows the share 
between OECD countries, what have up until now been called Centrally Planned Economies (CPEl, 
and developing countries. This figure reflects present thinking, and does not take into account 
potential revision of policies in response to the Gulf crisis or to global warming. 

Figure A: World Primary Energy Requirements 
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The demand in the longer term for ail energy sources is expected to grow as shown in Figure B. 
The predictions of three different organisations are plotted for the year 2020. While there is 
uncertainty in the predictions, common to ail three is a large increase in demand and an expansion 
of the nuclear capacity to me et specific needs. 

The OECD Nuclear Energy Agency will saon publish a report evaluating the challeI!ges and prospects for small and 
medium reactors. Mr. P. Girouard, of th e NEA Nuclear Development Division, o!1ers some insights into this new 
publication . 

MR. PIERRE GIROUARD IS A MEMBER OF THE NEA NUCLEAR DEVELOPMENT DIVISION 
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Figure B: Predictions for the year 2020 
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Both OECD and non-OECD countries have recently shown interest for simpler and smaller nuclear 
reactors than those of the present generation to meet their energy needs, not only for producing 
electricity, but also as a source of!rocess and space heating. Attention is therefore focusing on the 
so-called small and medium-size reactors (SMRs), which are defined as reactors having less than 
600 megawatts (MW) of power output, and which are intended for use either for electricity 
production, heating, or in a co-generation mode (producing both electricity and heating). The 
reactors used for heating are usually much smaller. .7. 

DEVELOPMENTINCENTIVES 

The incentive for the development of SMRs has a twofold origin. In sorne countries, the R&D efforts 
have been the result of economic and environmental considerations, namely that SMRs would open 
up additional energy market sectors (e .g. heat production) not accessible to large reactors, while also 
contributing to COz reduction; they would provide a better adaptability to low growth rates of 
energy demand; they would fit better into small electricity distribution grids , which are often found 
in small or developing countries; and they would be good candidates for the replacement of older 
(usually small) fossil-fuelled plants. In addition, SMRs could present specific economic advantages 
that offset economies of scale. One of their potential advantages is that much of the fabrication can 
be done in a controlled factory environment. Cost will decrease if a large number of units can be 
produced in a given time span. Finally, they make lower demands on the environment. For 
example, due to their size, the demand on cooling water is reduced, which also allows for a larger 
choice of sites to be offered. The number of workers needed for construction at the site is also less, 
and is therefore less disruptive. 

In other cases, the development of SMRs responds to user requirements , which are mostly in 
relation to safety and public acceptance issues. These requirements are for a simpler and more 
rugged design; for increased safety margins leading, for example, to longer periods before operator 
actions are needed to rectify abnormal situations; for lower core damage risks; and for minor lif any) 
accident consequences for the population in the case of core damage. It may be argued that SMRs 
respond weil to these requirements , because they allow for des ign simplification and for 
introduction of new features, such as passive components and processes that do not require early 
operator action in an abnormal situation. The design of some SMRs is intended to allow for 
deterministic safety considerations (e .g. the exclusion of any radioactive rel ease to the 
environment), rather than theoretical calculations that are difficult for the public to understand. 
AIso, they are believed by sorne to be less imposing for the publi c, thus enhancing their public 
acceptance. 
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MARKET POTENTIAL 

ln the electricity sector, the scope for penetration of SMRs into the world's energy market may be 
constrained by the need to be cost-competitive with the welt-established large reactor systems. 
However, the nuclear industry is not unanimous in accepting the "economies of scale" argument 
that seems to favour large plants , and sorne SMR designs show prospects of competing with larger 
designs. In fact, the SMRs of 600 MW output are expected to have a cost per MW in approximately 
the same range as a large reactor. 

Additional factors that could favour a reasonably competitive SMR in electricity markets include 
their lower initial capital investment and correspondingly reduced investment risk. Their ability to 
meet demands not readily open to large reactors, for example in regions with a slow increase in 
electricity demand or for utilities with smalt distribution networks, may represent an interesting 
alternative, which cou Id be important for developing countries. 

It is recognized that there is extensive scope in the heat sector, where there has been liule pene
tration by nuclear power up until now. The heat market can be divided in two: process heat and 
district heating . The latter is theoretically the largest market, with a requirement for low
temperature heat. However il requires a type of heat distribution network that is not widespread. 
Process hea t, on the other hand , is used by industry, and usually demands much higher 
temperatures. This is a localized demand that does not require a heat distribution network. 

Current environmental issues could lend support to arguments for SMR expansion into the heat 
sector that is not, in general, open to large reactors. District heating markets are currently restricted 
to specific countries, which are generalty in the northern climates and where heat distribution 
networks already exist. The obvious immediate market for SMRs is the replacement of existing 
fossil-fuelted heating systems. Further use of SMRs for district heating would require a concerted 
effort to install new distribution networks . 

. 8. Industrial (or process) heat markets lie mainly with large industrial complexes, where economics 
favour a co-generation system rather than a dedicated plant. Small reactors have a definite 
advantage over large on es in this sector, as the need for guaranteed heat to keep industrial processes 
operating leads to a need for multiple units. The main competitors for SMRs use fossil fuels ; at low 
prices prevailing until mid-1990, it was questionable if SMRs could compete. However, a steep 
increase in fossil fuel prices has occurred in late 1990, and while the priees may decrease in the 
short term, they can be expected to rise as demand grows. Meanwhile , continuing development 
should be able to bring reduction in the costs of SMRs. Increasing uncertainties regarding fossil fuel 
supply may become factors supporting penetration of SMRs into these markets. 
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TECHNOLOGICAL INNOVATION 

Ali the present systems used for large reactors (gas cooled, light water pressurized or boiling, heavy 
water) are represented in the SMR lines. In addition , SMRs make use of certain technological 
features that are not eas ily applicable to large reactors. 

Common to most SMR developments is the pursuit of passive safety systems, based on the premise 
that these are easier to implement in plants smaller than the standard 1 000-1 300 MW. In 
addition , ail new designs put emphasis on simplification and its expected benefits. They are 
designed to be competitive with alternate types of electricity generation plants of similar size. They 
are also designed to be factory built (as opposed to being built on site) and assembled quickly on 
site, in much less time than has been the case for large reactors. 

While the SMRs dedicated to elec tricity production generally tend to be an evolution of the larger 
reactors, the designs of heating reactors show a much greater departure from those of large plants. 
Many different heating reactor concepts are available. Although designed to meet different criteria, 
they share certain characteristics: low power ranges, supply temperatures less than 130 oC (in the 
case of district heating), and lower power density than large reactors (Jess energy produeed in a 
given volume). 



SMALL AND MEDIUM REACTORS 

IMPEDIMENTS TO DEPLOYMENT OF SMR 

There have been various factors working against the introduction of SMRs, but many of these 
impediments are common to any new technological product. 

From a technological viewpoint, their first-of-a-kind nature, which usually implies the necessity for 
demonstration of the main new features, and the multitude of often similar designs currently being 
proposed, which results in a splitting of efforts and capital, are factors that must be addressed. A 
potential solution could be to aim as soon as possible for a demonstration of SMRs, perhaps using 
the framework of an international joint venture. In any case, an important prerequisite would be to 
reduce the number of designs available. 

From an economic viewpoint, it must be recognized that economies of scale often advantage large 
reactors, which fit well into long-term programmes for countries with centralized energy supply and 
well-developed networks. The lack of capital for development is another negative factor. The 
uncertainty of market conditions in the medium term favours investments in well-established 
technological lines rather th an ri skier R&D efforts. Finally, heat generation faces additional 
problems. Nuclear heat is currently not cost-competitive with fossil fuels, and district heating is 
additionally burdened by the distribution costs. In co-generation plants, optimization of electricity 
and heat production is sel dom easy. 

Possible solutions to these problems could be to consider SMRs as complementary to, rather than as 
competitors of, large reactors, to consider parks of several small units on the same site, to aim at a 
standardization of plant construction and type licensing, and to share financial risks through 
international co-operation. One should also compare alternate forms of energies based on all 
relevant aspects, including costs not borne by the producers, such as pollution or health effects. 

There are other non-technological factors that may affect the deployment of SMRs. Part of the 
population is opposed to any form of nuclear energy, although, as mentioned earlier, the opposition 
may be less in the case of smaller reactors. There is also general uneasiness with regard to heavy • 9. 
technology, as well as fear of radiation. Opposition to SMRs in particular could also come from the 
concern that there could be more of them, on more sites, and that these sites could be closer to 
home. 

INTERNATIONAL ISSUES 

In the current period, where the nuclear industry is in the process of banding together through 
various mergers and reorganisations at both the national and international levels, the number of 
designs and types of reactors is being reduced. This rationalization is taking place for financial 
reasons . Only the most commercially viable designs are being retained , and hopefully the best 
technical ideas will merge into a smaller series of products. 

It would also be useful to achieve sorne form of standardization of regulations, where, for example, 
an internationally approved, uniform set of licensing requirements for SMRs could be developed 
through effective co-operation between the appropriate parties. 

From a public information and understanding point of view, there is a need for various national and 
international agencies to provide timely and credible information to the public on SMRs, namely on 
their safety and economic characteristics, so that informed judgements can be made. 

Finall y, the question of development of the first prototype must be tackled. To be attractive to 
potential users and to attract the necessary funds , the benefits of these reactors must be 
demonstrated. As the reactors become more standardized and can be built by different countries, an 
international approach may be called for, where technical and financial resources can be pooled. 

The nuclear industry has not paid sufficient attention in the past to assessing what was really 
desired by ail the parties concerned. Having now defined the needs more fully in the case of 

SMRs, it may achieve a more desirable product, which the public will accept. The next stepD 
will be to prove it, through the actual installation of this type of reactor. 
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Understanding human behaviour, errors 
included, has preoccupied both 
specialists and generalists for centuries. 

ln modern times, Sigmund Freud stated that 
"errors result from the mu tuaI interference of 
two different intentions, of which one may be 
caIled the intention interfered with, and the 
other the interfering tendency". 

During the past few decades, studies of the so
called "human factor" gained increasing 
prominence in several fields su ch as transpor
tation, telecommunications, and military acti
viti es. It is therefore rather ironic that in the 
highly technological domain of nuclear power, 
it took an accident like Three Mile Island to 
stimulate interest in the vulnerability of a 
nuclear power plant to human errors, and in 
the options available to counteract the effects 
of these errors. This recent interest has 
resulted in the initiation of numerous studies 
and research programmes, in the imple
mentation of countless design modifications, 
and in the institution of new regulatory 
requirements, written procedures and training 
methods. VirtuaIly aIl of these developments 
were, and continue largely to be, leveIled at 
the control room operator. Many operators 
whose initial training was on "conventional
type" panel switches, now have to contend 
with keyboard commands; prioritization of 
messages by colour-coded alarms is now 
commonplace in several power plants; and 
computerized procedures are being tried in 
sorne research as weIl as power reactors. 

WHAT ARE mE ISSUES? 

Nuclear power plant safety is dependent on 
the integrated activities of analysts, designers, 
constructors, plant engineering and 
maintenance staff, operators and regulators. 
Perhaps featuring even more prominently than 
any single group is the role of management. 
However, the vast majority of studies effected 
to date in the hum an factors area concentrate 
on the control room operator. This is 
inconsistent with operating experience, seen 
through incident reports, the frequency of 
unplanned automatic shutdowns and other 
feedback sources, which show that the root 
cause of most of the error-related problems is 
not the control room operator. Rather, there 
seems to be an ev en spread among aIl the 

MR. GUlRGUlS ISHACK 15 A MEMBER OF THE NEA NUCLEAR 
SAFETY DIVISION. 

"human groups" working on as weIl as off the 
site. Numerous examples substantiate this 
view: a field operator confused units with a 
resulting unexpected reactor shutdown; a 
truck backed into a transformer, causing a loss 
of off-site power; a maintainer deviated from 
the approved procedure and ended up tripping 
a primary coolant pump; inadequate commu
nications resulted in work being attempted on 
an unisolated live electrical distribution bus; a 
poor management decision forced operators to 
cope with an unstable and potentially dan
gerous plant configuration, etc. The almost 
endless list begs the question: ln focusing 
most of our efforts on the control room oper
ator, are we not putting all our eggs in one 
basket? Indeed in many cases are we not 
barking up the wrong tree? 

Without underestimating the importance of the 
control room operator, the above argument 
ai ms to emphasize the balance that should be 
maintained when addressing human factors in 
a nuclear power plant, to ensure that the entire 
spectrum of "humans" is being covered. 

Considering the definition that Freud pro
posed about 70 years ago, it would seem that 
since there will always be "intentions" to carry 
out various tasks, and, since by virtue of the 
existence of humans in nuclear power plants, 
"interfering tendencies" will most likely not 
disappear, chances are that errors will 
continue to occur. This argument points to 
two scenarios: either break the "interfering 
tendency" link in the error chain by using 
robots, or accept the fact that errors will occur. 
Since the first scenario is almost unanimously 
opposed by all concerned, the second will 
have to be adopted. Why then, one might ask, 
do most studies and modifications apparently 
have the implicit and hitherto unattained 
target of eliminating hum an errors? 

If we go back one step, we will find that one 
basic question requires an answer: What are 
our expectations of the control room operator? 
One of the delegates at an international 
gathering once suggested that "an operator is 
an intelligent intervenor". This definition 
implies that reliance is on the operator as the 
last resort to "do things right" in case of 
machine malfunctions. Interestingl y, if this 
constitutes an accepted perception of the 
operator's role, it seems to be in disagreement 
with prevailing requirements in sorne coun
tries, namely that an operator not be permitted 
to interfere with automatic responses during 
up to the first 30 minutes of a plant upset. For 
a correctly diagnosed disturbance, why wait 30 
minutes before "intervening inteIligently"? 
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There are other questions with regard to in
creasing the use of computers in nuclear 
power plants. For instance, what are the 
effects of advanced systems on operators 
whose experience has been almost entirely 
with "old" systems? Are we not also running 
the risk of downgrading or demotivating the 
operator by gradually "designing him out"? 
And des pite ail the design advances, how are 
we ensuring that the operator continues to be 
in full control of his plant - if that indeed 
were our intent? There is also the question of 
whether human errors should be quantified in 
a manner analogous to calculating component 
failure rates. In assessing human behaviour, 
should operators , maintainers or engineers be 
treated no differently th an ail the other 
components in the plant? Finally, what steps 
have been taken to ensure that the advanced 
designs are in fact more reliable than the less 
sophisticated systems, and that the extensive 
software validation and verification 
programmes are cost-effective? In the end, are 
we not also risking the introduction of hitherto 
unknown fa il ure sequences and modes? 

EFFORTS BY THE INTERNATIONAL 
COMMUNITY 

In its capacity as co-ordinator, inter alia, of its 
Member countries ' activities in the field of 
nuclear power plant safety, the OECD Nuclear 
Energy Agency (NEA) has co-ordinated and 
published, over the past ten years, nine studies 
related to the human factor, which address 
several of the issues alluded to above. 

A tenth study, currently underway, is looking 
at the question of human errors committed by 
work groups other than control room 
operators. The first phase of this study fo
cuses on maintenance activities, while the 
second phase will concentrate on the role of 
management. The effect of advanced systems 
on the operator will also be addressed. 

The "Use of Digital Computers in the Control 
Rooms" was the theme of a study effected via a 
detailed questionnaire , whose results were 
published in July 1988. The responses 
indicated that ail 13 participants disapproved 
of the use of computers to replace operators or 
to perform maintenance activities, although 
the scheduling of these activities by computer 
was strongly supported: Similarll' the use of 
computers for entry or lssuance 0 commands, 
and as automatic controllers, received gene
rally negative reviews for safety applications 
and mixed reviews for control applications. In 

general, the use of computers to replace cur
rent systems or to provide remote functions 
other than data logging received the strongest 
disapproval, independent of the function. 

On the other hand, nearly ail participants ap
proved of computer-based data loggers that are 
able to provide logged variables in hard-copy 
and machine-readable form, and to record 
distinct events. There was also strong support 
for the use of computers to prioritize alarms, 
provide on-line displays of variables , and to 
display procedures and flow-charts . 

"Quantifying Human Errors" was the subject of 
two other studies co-ordinated by the NEA. 
The first one (Assessing Human Reliability in 
Nuclear Power Plants) was completed in May 
1983. It concluded that in order to improve 
the understanding of human behaviour and of 
the risks of human malfunctions in nuclear 
activities, maximum advantage should be 
taken of potential sources of data, for example 
plant log books, computer logs, in-plant 
interviews, simulator exercises, etc. The study 
also examined the potential use of new 
information on human behaviour to quantify 
the im portance to safety of h uman errors 
committed in routine power plant tasks . In 
particular, it focused on errors in maintaining, 

-.'" """ 

Computer systems are used as operator aids in the contraI 
raom at the Maine Yankee Power Plant. 
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testing and calibrating instruments and other 
pieces of equipment. It concluded that 
"evaluations of the probability of human errors 
are extremely delicate and complex", and that 
"the results obtained can be quite illusory if 
sufficiently detailed preliminary hum an 
factors analyses are not done by specialists". 

The second study (Human Reliability in 
Probabilistic Risk Assessments - Use of 
Operating Experience), completed in 1989, 
found that simulator observation was the only 
real source of data for the quantification of 
human interactions during an accident. The 
typical approach used in systems analysis, 
narnely to use decomrosition, to collect data at 
the component leve , and to integrate those 
data again in a system model, does not work 
for analyzing complex human interactions, 
due to the large impact of dependency 
mechanisms, and because human behaviour is 
extremely dependent on the context. The 
priority is therefore not the development of 
models , but rather the validation of existing 
models in order to limit the impact of 
subjectivity. An extensive use of operating 
experience is therefore necessary to treat the 
very i~ror.tan~ problem of human reli ab ilit y in 
probabllishc flsk assessments. 

The 32-year-old OECD Halden Reactor Project, 
in Norway, has developed a highly successful 
programme in the area of computerized man
machine communication. It has addressed, 
among other things , the question of operator 
involvement in the development of tools to 
help him better monitor and control the plant 
during various normal and abnormal regimes. 
Many of the operator aids developed within 
the project have been and are being used at 
sorne power stations in the participating 
countries , as weIl as at the Halden reactor 
itself and on the HAMMLAB (Hal den Project 
Man-Machine System Laboratory) full-scaie 
pressurized water reactor simulator. 
Specialists monitor operator performance with 
and without these aids, and feed their 
observations back to the system designers. The 
sub-areas in which Halden has advanced 
significantly in the man-machine com
munication do main include the development 
of systems to co-ordinate the activities of the 
operator, to generate colour graphics and man
machine dialogue , to reduce the number of 
alarms requiring operator response , and to 
obtain warnings sufficiently early to avoid 
taking drastic countermeasures for restoration 
of normal plant conditions. A computerized 
operation manual has also been developed to 
enable opera tors to retrieve procedures from a 
computer database. 

Other organizations such as the International 
Atomic Energy Agency (IAEA) and the Electric 
Power Research Institute (EPRI) , and most 
countries with commercial nuclear power, 
have also been grappling with the question of 
using digital computers in nuclear power 
plants. 

MANY QUESTIONS REMAIN 

At a symposium jointly organized in Munich 
by the IAEA and the NEA, in July 1990 , 
approximately 130 participants gathered to 
address the question of "Balancing Auto
mation and Human Actions in Nuclear Power 
Plants". The discussions were stimulated by 
about 45 oral presentations, 10 posters , and a 
panel session. The papers presented covered 
numerous topics, mostly revolving around the 
use of digital computers in control rooms. 
Those topics included ergonomic studies of 
control rooms, general assessments of the use 
of computers in power stations, computerizing 
procedures, human factors and assessment of 
human performance, man-machine interface 
developments, the use of computers in 
maintenance, fault diagnosis and design 
validation, and the use of simulators to train 
operators and to evaluate operating crew 
reliability. 

The presentations were but an eye-opener to 
the significant advances made by the nuclear 
community towards designing safer and more 
"forgiving" plants, towards the development of 
tools to aid the control room operator in 
controlling the plant, and towards the methods 
used in training operators and understanding 
their behaviour. The discussions , though , 
revealed that there was a lack of general 
agreement on sorne fundamental questions , 
notably on what constitutes "automation", 
what constitutes a desirable (let alone an ideal) 
"balance" between automation and human 
actions, and on whether attempts at 
quantifying human errors should continue. 

To answer the first question , a participant 
ventured a definition: "Automation is when 
the machine controls the process , instead of 
the 0ferator. " However, it seemed that a more 
wide y accepted definition is that there are 
two kinds of automation: direct , on-line 
automation, when the machine is in control -
this kind should be optimized and should be 
approached with great caution; the second 
type of automation is indirect, in that onl y 
information presentation is automated, leaving 
the decision-making pro cess and ultimately 
the controls in the hands of the operator. If the 
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latter definition were accepted, then an 
adequate answer is required for the second 
question. Another participant proposed that 
"balancing automation and human action 
refers to the optimization of automatic versus 
man-initiated actions , whose effect is a net 
reduction in the risk of accidents or 
unexpected shutdowns (since the latter 
contribute to plant unavailability)". Unfor
tunately (the vicious cycle continues) if that 
definition were accepted, we must address 
quantification of human errors , since both 
accidents and unexpected shutdowns (the two 
other variables in the definition) are 
quantifiable; we cannot write an optimization 
equation if one of the variables is unquanti
fiable . Again, unfortunately, there was sharp 
disagreement during the discussions as to 
whether hum an errors should be quantified. 
The strongest counter-argument was that 
human behaviour should first be understood, 

and the qualitative approach should first be 
perfected and institutionalized, before 
attempting to quantify. Several human factors 
experts apparently favour this latter point of 
view. The other camp consists largely of 
reliability engineers, sorne of whom continue 
to insist on the need to quantify human errors . 

Other papers went a step further and raised 
more questions related to the increased use of 
computers, cautioning against the potential "ill 
effects" of having highly automated plants. 
These ill effects include the necessary increase 
in plant complexity that will have to follow if 
manu al operations were automated; the "de
training" of the operator if his judgement and 
discretion gradually become unwarranted; the 
possibility of overwhelming the operator with 
information and alarms; and finally, the as yet 
un proven benefits that are being targeted , 
versus the costs incurred. 

The vast majority of studies in the human factors area have concentrated on the control room operator. 

C omputers have been in use for decades in countless domestic , industrial and high-technology 
applications. The '80s have seen digital computer software and hardware developments 

advancing in leaps and bounds. The use of these advanced systems in nuclear power plants will 
continue to be debated for many years to come. Whereas the general merits of automation have 
often been demonstrated, and the adequacy of human intelligence is rarely disputed, there seems to 
exist what almost amounts to a power struggle between man and machine. Most of the issues and 
questions raised in this article are being addressed either unilaterally, within single countries , or 
collectively via the co-ordination of international organisations. Few of them though have found a 
generally accepted answer. Nuclear power has so far had an excellent safety record , and 
considerable care must be taken to ensure that "improvements" do not result in the creation ofO as yet unknown pitfalls. 

·13 · 

NEA NEWSLETTER 
AUTUMN 1990 



CHEMICAL THERMODYNAMICS IN RADIOACTIVE 
WASTE MANAGEMENT 
H. Wanner 

·14· 

NEA NEWSLETTER 
AUTUMN 1990 

A high-quality chemical thermodynamic database is an indispensable basis for th e reliable 
prediction ot the chemical behaviour of radioactive substances in the geosphere and the 
environment. Since thermodynamic data can be used under a large variety of conditions and do not 
depend on a specifie site or geological formation , there is a strong interest for international co
ordination in the development of such databases. The NEA- TDB project responds ta the need of 
establishing a high-quality thermochemical data base on elements that are of key importance ta the 
radioactive waste management community. 

The final disposaI of radioactive waste 
has been a subject of debate for about 
fifteen years. People wou ld like 

radioactive waste to be placed in stable 
geological formations, completely isolated 
from man and the environment. But it is very 
unlikely that long-term total isolation of 
radioactive waste, guaranteed solely by the 
assumed impermeability of the containment 
materials , is demonstrable. So standards have 
been set in many countries for the safety 
requirements of radioactive waste repositories 
in the event of a release of hazardous material 
from the repository. 

The principal criterion for li censing of a 
proposed waste repository is that it can be 
convincingly shown to comply with the safety 
requirements set by the government of each 
country. In other words, components of a 
sealed repository, which eventually may 
escape into the biosphere as a consequence of 
realistically assumed processes, must not lead 
to doses in excess of defined limits. So each 
country has to undertake quantitative 
modelling studies of the consequences of a 
possible release of radioactive components 
from the repository into the surrounding area, 
including their dispersion and migration into 
the biosphere. 

These modelling studies comprise a large 
number of proces ses, starting with the 
degradation of the containment materials , and 
the subsequent dissolution of the radioactive 
waste components in the pore water present in 
the surrounding rock formations. This is 
followed by the migration of the hazardous 
components in the geo logical formations 
towards the biosphere , that is the human 
environment. Ali these processes are 
extremely slow and require predictions over 
large periods of time. 

The modelling of the flow and diffusion of 
water through the water-bearing zones, such as 
fracture s, fissures and pores, requires much 
quantitative information on the hydrogeology 
of the site, and depends on the develop
ment of complex mathematical models . In 
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addition, in order to model the migration of 
radioactive substances in the water-bearing 
zones, a large amount of information on the 
chemical behaviour of these substances is 
necessary. This includes information about 
the chemical forms in which the hazardous 
elements may exist, the saturation criteria that 
lead to the formation of solid and immobile 
material , and the interaction of dissolved 
substances with the rock surfaces, globally 
referred to as sorption processes. Recent work 
on the sorption effect aims at anal ys ing the 
different component processes and interpre
ting them on a thermodynamic basis . The 
precipitation processes , which are important 
for the retardation of radionuclide migration, 
are also usually modelled on the basis of 
chemical thermodynamic data. Together with 
sorne information about inhibited reactions -
that is , those that do not take place spon
taneously in spite of favourable energy 
conditions - thermodynamic data allow the 
prediction of the chemical behaviour of the 
elements under many different conditions. 

Consistent sets of chemical thermodynamic 
data always refer to a common state that is 
independent of specifie conditions such as the 
composition of rocks and groundwaters. They 
are not site-specifie, and can thus be used 
under a large variety of conditions and 
circumstances. In contrast, hydrological data, 
or global data on the sorption behaviour of 
radioactive substances, for example , are 
particular to a geological site and not generally 
applicable. 

Because of the general applicabi lity of 
chemical thermodynamic data, there is great 
interest in the NEA Member countries to co
ordinate internationall y the co llection of 
thermodynamic data, and the establishment of 
a high-quality database that can be widely 
used to predict the chemical behaviour of the 
radioactive elements. The NEA Thermo
chemical Data Base (TDB) project was set up 
six years ago with the aim of providing up-to
date and high-quality sets of chemi ca l 
thermodynamic data for the most important 
elements contained in radioactiv e waste. 
These data will be recommended for use in the 
safety assessment studies of radioactive waste 
disposaI systems in NEA Member countries. 
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The underground labaratol}' at the Grimsel test site in Switzerland. 

THE NEA TIlERMOCHEMICAL 
DATABASE 

The determination of chemical thermodyna
mic data has been the subject of extensi ve 
research for more than a hundred years. A 
large amount of data have been reported in the 
scientific literature over this period. But their 
quality varies widely, which explains the 
discrepancies in the literature. 

The purpose of the NEA-TDB project is to 
develop , following well-documented and 
internationally acknowledged procedures , a 
high-quality thermodynamic database for 
practical use in environmental modelling 
studies. Among the many elements present in 
radioactive waste, highest priority is being 
given to the following ones: uranium, nep
tunium, plutonium, americium and tech
netium. Additional priorities should be set in 
the coming year. 

The process of establishing high-quality data 
sets is divided into several steps. For each 
element, a team of four to six internationally 
recognised experts is formed by the NEA . 
These experts perform a critical, compre
hensive review on the chemical thermo -

dynamic data reported in the scientific litera
ture. This includes the compilation of the data 
and information reported in the literature, the 
cri tic al assessment of the quality of this 
information, which sometimes requires a 
complete re-evaluation of the experimental 
data, and the selection of reliable data for each 
important chemical species. 

The result is a selected data set, as well as a 
report containing a detailed description of the 
evaluation process, including the judgement of 
the available literature sources and the ana
lyses of the reported experimental data. Each 
report is reviewed by a group of independent 
experts in the corresponding field of chemical 
thermodynami cs, according to furth er 
guidelines developed for this purpose. 
Following this additional step , the reports will 
be published by the OECD and the 
recommended data sets made available to the 
users, on request, in a computer-readable form 
that facilitates their direct use in common 
geochemical modelling codes . At the same 
time, an additional report will be published in 
which the important gaps will be pointed out. 
This report will also present recommendations 
for experimental studies required to fiJI these 
gaps. 
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The first volume of this series of publications 
is on uranium. The final draft of The Chemical 
Thermodynamics of Uranium is currently 
being reviewed by independent experts. It 
amounts to over 600 pages , considers about 

The central storage facility for nuclear spent fuel (GLAE) in Sweden. 

900 scientific publications, and contains 
separate discussions of 260 experimental 
studies. It will be followed, over the next three 
years, by studies on technetium, americium, 
neptunium and plutonium. 

l t should be added that there is no difference in princip le between the safety assessment of 
radioactive waste repositories and that of non-radioactive waste repositories. A large number of 

models have been developed for the prediction of the behaviour of radioactive waste components in 
the geosphere and biosphere, which can be used without or with only minor modifications for the 
prediction of the behaviour of other types of waste. But the chemical thermodynamic data required 
have to be compiled and reviewed separately for each waste element. The procedure for the 
elaboration of high-quality data sets for the elements in non-radioactive waste is the same as for the 
elements in waste that is radioactive. Thus, the NEA-TDB project offers a powerful database D 
system to develop high-quality data sets for use in general environmental modelling studies. 



PROTECTING THE PUBLIC FROM THE 
CONSEQUENCES OF A NUCLEAR ACCIDENT 
O. Hari 

One of the cornerstones of the strategy 
adopted in OECD countries for the 
protection of the public against the 

adverse consequences of a nuclear accident, is 
a system of criteria and technical provisions 
for the management of the accident and the 
implementation of adequate countermeasures. 

This system was already well developed at the 
time of the Chernobyl accident, in 19S6, and 
the basic radiation protection criteria 
underlying it were essentially the same in all 
countries. There was, in fact, already at that 
time a mature body of international guidance 
on the principles and the practical aspects 
of emergency planning and accident 
management. The main examples of this were 
the recommendations issued by the ICRP 
(International Commission on Radiological 
Protection), the IAEA (International Atomic 
Energy Agency) and the CEC (Commission of 
the European Communities). 

However, the reactions of the authorities of the 
various countries to the contamination 
resulting from the Chernobyl accident were far 
from homogeneous. There were , in fact , 
significant differences in the derivation and 
use of intervention criteria, and this apparent 
disharmony caused considerable confusion 
and concern amongst the public and the 
national authorities. 

It appeared evident, therefore, that there was a 
strong need for a renewed international 
concertation and effort to minimise 
discrepancies between countries in the criteria 
and approaches to emergency planning. The 
specific features of the Chernobyl accident, 
particularly the progressive spread of 
contamination at very large distances across 
national and regional boundaries and its long
lasting impact, were another reason justifying 
a critical review of the existing international 
guidance, which was essentially focused on 
the management of the local and relatively 
short-term impact of an accident. 

As part of the initiatives adopted by several 
international organisations, a group of experts 
convened by the NEA carried out, in 19S7 and 
19S5, a comprehensive critical review of the 
emergency response actions and intervention 
criteria adopted in Member countries after the 
Chernobyl accident. This study identified 
those aspects of existing international 
guidance and recommendations where 

DR. OSVALDO lLARlIS DEPUTY HEAD OF THE NEA RADIATION 
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clarification, expansion or modification was 
needed, and provided preliminary guidance on 
specific aspects of emergency response 
planning and on the es tablishment and 
application of intervention criteria. The 
resulting report, published by the NEA in 19S9 
(1), contributed to additional effort by other 
international organisations (ICRP, IAEA, WHO, 
F AO, CEC) to seek international harmonisation 
of the princip les and criteria used to protect 
the public in the event of a nuclear accident. 

As significant developments were still under 
way in these international organisations, and 
sorne of the issues had not yet been 
satisfactorily resolved , the NEA developed 
additional guidance on these issues in 19S9. 
The resulting report (2) presents a general 
frame of principles for intervention, and 
suggests a unified scheme for their application 
to the management of accidentai situations 
involving hazards to the public. 

PRINCIPLES FOR INTERVENTION 

The ICRP system of dose limitation (3) , which 
applies to exposures resulting from sources 
under control (normal conditions), is based on 
the application of a logical sequence of 
principles that should govern decisions 
concerning the introduction and the operation 
of a practice involving radiation risks . They 
are the well-known princip les of justification 
of the practice, optimisation of protection and 
limitation of individual risk. 

This system applies to the control of sources 
by appropriate design and operation. In an 
accident situation, the "source" is obviously 
not under control and, therefore , the 
protection of the public and the workers 
cannot be sought by applying the system of 
dose limitation, which, by definition, only 
applies to sources under control. However, it 
appears appropriate , and feasible , that the 
planning and procedures for the protection of 
the public and the workers during a nuclear 
accident should be based on a "system" 
approach, conceptually similar to that used in 
normal conditions. 

In other words, the introduction of any 
prote ct ive me as ure (intervention) should be 
justified, the choice of types and leve ls of 
intervention should be optimised, and the 
risks to individuals should be constrained 
below levels judged as unacceptable. In this 
specific application to accident situations, the 
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basic principles of the ICRP protection system 
have been restated as follows: 

i) The intervention should be justified, that 
is, the introduction of the protective me as ure 
should achieve more good than harm. 

ii) The level at which the intervention is 
introduced, and the level at which it is later 
withdrawn, should be optimised so that it will 
produce the maximum good. 

Principle Normal case: 

iii) The doses to individu ais should not 
exceed levels judged as unacceptable. 

These principles are expressed in a way that is 
generally applicable, irrespect ive of time and 
of the distance from the source of the accident. 
Their connection with the general system of 
protection recommended by the ICRP for 
normal conditions is summarised in the 
following table. 

Accident: 
Source under control Source out of control 

1. Justification 

2. Optimisation of 
protection 

Justification of a 
practice 

Choice of the "best" 
protection option 

Justification of a 
protective measure 

Choice of the "best" 
intervention level and the 
most beneficial combination 
of protective measures 

3. Constraints on 
individual risk 

Dose limits for workers 
and for the public 

The radiological risk for the 
individuals should be kept 
below unacceptable levels 

ln the USSR, workers were Illonitored Jar radioactive 
contamination Jollowing the Chernobyl acciden t. 

AN INTERVENTION MUST BE 
JUSTIFIED 

The introduction of any particular counter
measure to avert or decrease radiation doses 
entails sorne risk to the individuals affected or 
sorne harm to society in terms of financial costs 
and of social and economic disruption. For 
examp le, th e evacuation of a group of 
population enta ils not only some costs and 
social disruption, but also the risk of casualties 
due to traffic accidents and hurried removal of 
elderly and critically ill people, especially in 
adverse weather conditions. Therefore, before 
establishing a protective measure, it should be 
shown that it can produce a positive net benefit 
for the people affected, i.e. that it is justified. 
In other words, a given protective measure can 
be declared as justified if its benefits (in terms 
of radiation detriment averted) are greater than 
its associated detr iments (in terms of non
radiological risks associated with it , its 
financial cost and other, less quantifiable 
consequences such as socia l disruption). 
Public anxiety, which can be either relieved or 
increased by a countermeasure , is another 
factor to be considered. 
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Inspectors monitor environmental radioactivity outside the 
Forsmark nuclear power plant site in Sweden . 

PROTECTIVE MEASURES MUST BE 
OPTIMISED 

If a protective measure is justified for use 
under a certain set of circumstances, it is 
necessary to establish an Intervention Level 
(IL), in terms of an appropriate pararneter, such 
that the implementation of the countermeasure 
is triggered when the expected value of the 
chosen parameter exceeds the IL. This 
parameter is primarily the average individual 
dose projected in the group of people affected 
by the accident, but it is often expressed in 
terms of derived, correlated quantities, such as, 
for example , the concentration of a given 
radioactive nuclide in food. One Intervention 
Level is to be fixed for each exposure pathway 
that can affect that group of people, namely 
external exposure , inhalation of radioactive 
products, ingestion of contarninated food, etc. 

UsuaIly, the process of justification of a counter
me as ure identifies a range of possible levels for 
the protective measure, which corresponds to a 
range of possible intervention levels. For 
example , decreasing the value of the 
intervention level of dose for evacuation would 
require this protective measure to be applied 

to an increasing distance from the source of the 
accident. This would involve an increasing 
number of people and would result in more 
cost, social disruption and non-radiological 
risks. 

The purpose of the princip le of optimisation is 
to make sure that the level of action selected 
corresponds to the optimum balance between 
the radiological detriment that can be averted 
and the other detriments (cost, disruption, 
other risks) that would result from applying 
that particular action. 

The ILs resulting from a process of opti
misation of protection are dependent on the 
level of ambition of the decision-makers in 
implementing radiation protection and the 
resources available to them, as weil as on local 
conditions and accident circumstances. 
Therefore, it is not possible to recommend 
values of ILs that are generaUy applicable to aU 
situations and countries. Their definition is a 
matter of choice by national authorities. 
However, where the potential exists for the 
consequences of a nuclear accident to affect 
several countries , an effort should be made 
internationally to minimise unnecessary 
discrepancies in intervention criteria. 

THE PROBLEM OF INDMDUAL 
BOUNDARIES 

This recommended approach to the 
establishment of intervention criteria has its 
basis in the definition of a range of justified 
protective actions and the identification of the 
optimised level of intervention within that 
range. The need to minimise unnecessary 
discrepancies between Member countries, as 
weil as to avoid unacceptable risks to 
individuals and unwarranted costs and social 
disruptions, suggests that the range of potential 
interventions and the corresponding range of 
doses should be constrained, as far as possible, 
by an upper and a lower boundary of 
individual dose. 

It may happen that a given group of people is 
exposed to several independent pathways and, 
therefore, the build-up of doses to the 
individuals of this group from the different 
pathways might result in a total dose that is 
judged as unacceptable. This may require the 
establishment of an Upper Boundary (UB) on 
the total individual dose from aU pathways 
affecting a given group of people, which 
should not be exceeded, irrespective of the 
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results of the justification and optimisation 
procedure applied to the individual protective 
measures. 

In sorne cases, the projected average individual 
dose from a given exposure pathway is so low 
that even the mere application of the 
justification and optimisation process is not 
warranted , and countermeasures are not 
justified on radiological protection grounds, 
irrespective of the fact that the corresponding 
costs may also be trivial. It appears, therefore, 
appropriate to establish for each exposure 
pathway a Lower Boundary (LB), expressed in 
terms of projected average individual dose in 
the exposed group, below which protective 
actions are unlikely to be justified on radiation 
protection grounds, and even the mere 
application of the justification and 
optimisation process is not warranted. 

The overall system for the establishment and 
implementation of intervention criteria can 
therefore be summarised in the following 
diagram: 
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The establishment of numerical values for the 
Upper Boundary (UB) (for the whole of 
exposure pathways) and the Lower Boundaries 
(LBs) (for each exposure pathway) is a matter 
of judgement by national authorities. The 
choice of these values is , in fact , influenced by 
several factors that are specific to each 
individual country, including socio-economic 
considerations, level of ambition in radiation 
protection, available resources , environmental 
and demographic conditions, etc. 

Experience has shown that, when faced with a 
real accident situation, authorities tend to 
adopt largely divergent approaches to accident 
management, depending on the different 
weight and pressure of the above-mentioned 
factors. In order to limit this diversity and its 
consequent disruptions in the application of 
the "system" of optimisation and justification 
to accident management, particularly in trans
boundary and other international situations, 
an appropriate international consensus should 
be reached on the basic criteria for the 
establishment of the Upper and Lower 
Boundaries. As a contribution to this process , 
the NEA group of experts suggested sorne 
possible criteria for the choice of these 
boundaries and resulting numerical values. 
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THE EVOLUTION OF NUCLEAR THIRD PARTY 
LIABILITY LEGISLATION 
L. Saad 

F rom the early days of the development of the nuclear power industry, it was recognised that 
nuclear power involved hazards of a special nature, raising particular issues in relation to 
third party liability which could best be addressed by an exceptional regime ensuring 

adequate compensation for nuclear damage. At the same time, countries interested in applying this 
form of energy were anxious not to hinder its development by putting too great a financial burden 
on nuclear operators. To this end, a balance was achieved between absolute liability to speed up 
actions for compensation, and its limitation in amount and in time to relieve operators. In the last 
decade, the balance has shifted, and nuclear third party liability regimes have evolved towards a 
primary objective, that of providing the bestlossible protection for victims of nuclear accidents. 
Undeniably, the Chernobyl accident triggere faster actions in this field. However, prior to that 
accident, work had already been under way - with concrete results - to improve the regimes 
both from the viewpoint of compensation and from that of their practical application. 

BASIC PRINCIPLES OF THE NUCLEAR LIABILITY CONVENTIONS 

Before analysing the reasons underlying developments in the area of nuclear third party liability, it 
is useful to review briefly the principles generally governing this type of liability and embodied in 
the international conventions on the subject, in particular, the OECD-sponsored Paris Convention 
on Third Party Liability in the Field of Nuclear Energy of 1960, and the IAEA-sponsored Vienna 
Convention on Civil Liability for Nuclear Damage of 1963. These principles, originally established 
by the Paris Convention with a regional (Western European) vocation, were restated in the Vienna 
Convention whose scope is world-wide. The Paris Convention was strengthened in 1963 by the 
Brussels Supplementary Convention, which provides for additional compensation from public 
funds. Most countries, whether or not Parties to the Paris or the Vienna Convention, apply these 
princip les in their nationallaws. 

The basic principles are that the operator of a nuclear installation has absolute and exclusive, but 
limited, li ab ility. He is absolutely and exclusively liable for nuclear damage caused by a nuclear 
accident occurring in his installation, or during the transport of nuclear materials for which he is 
responsible. On the other hand, the operator's liability is limited in amount and in time, and is 
covered by corn puis ory insurance or other financial security. This system of liability is designed to 
avoid victims having to prove that the accident was due to fault or to identify the person having 
caused it before they can obtain compensation. In counterpart, the limit on the operator's liability 
regarding the amount of compensation and the period allowed for bringing claims means that this 
type of liability presents no obstacle to the development of the nuclear industry. 

DEVELOPMENTS AND TRENDS 

The adoption in 1982 of two Protocols to amend the Paris Convention and its Brussels 
Supplementary Convention led to corresponding changes in the national laws implementing those 
Conventions. In addition, more recently, a number of countries became Parties to the Vienna 
Convention, also adopting nuclear third party liability laws at national level. The Chernobyl 
accident in April 1986 was a decisive factor in this latter evolution. lt demonstrated that damage 
from serious accidents could occur outside as well as within national borders. 

Another important development since 1976 concerns the principle of limiting the operator's 
liability. Countries party to the Paris Convention with nuclear power programmes have tended to 
increase li ab ilit y amounts over and above the Paris and Brussels Convention limits, to provide for 
more compensation - again after the Chernobyl accident had illustrated the insufficiency of the 
amounts of compensation to coyer serious damage. The amount of that security is generally 
dependent on the available capacity of national insurance markets, and many laws provide for 
additional compensation from public funds to cope with damage exceeding the amount of 
mandatory security. Other countries have challenged the princip le of limiting the operator's 
liability and have provided for unlimited liability in their own legislation. 

MRS. LIANE SAAD IS A MEMBER OF THE NEA LEGAL AFFAIRS SECTION 
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A further tendency has been to extend the time-limits for bringing daims , so that delayed damage 
may be taken into account by courts when estimating compensation. At present, operators cannot 
obtain coverage for such long periods and the State therefore covers that type of damage. 

The OECD Steering Committee for Nuclear Energy has also recently made a number of 
recommendations relating to the Paris Convention, as it is empowered to do. Amendments to 
nationallaws following adoption of the 1982 Protocols have resulted in uneven levels of liability as 
compared to the previous, more uniform situation, and the Steering Committee has recommended 
that Paris Convention countries raise and harmonize the liability amounts of nudear operators. 

Another recommendation by the Steering Committee concerns the national court having jurisdiction 
regarding a nudear accident. The Paris Convention specifies that the comfetent court is that of the 
Party in whose territ ory the accident occurs, but leaves it to nationa laws to determine the 
particular court. As national criteria for this determination are varied, in sorne cases this has led to 
more th an one court having jurisdiction over the same nudear accident, e.g. that of the place where 
the accident occurs and that where the damage is suffered. The disadvantages for victims are 
evident in those circumstances, and the Steering Committee therefore recommended that when 
revising their legislation, Paris Convention countries should provide for a single court to be 
competent to rule on daims for compensation for the same nudear accident. 

REVIEW OF NATIONAL LEGISLATIONS 

These developments and trends are clearly apparent in a recent study published by the OECD 
Nudear Energy Agency (NEAJ, which reviews national legislation on nudear liability. The Third 
Party Liability study revises an earlier report on the subject by the NEA in 1976, and has also been 
extended to coyer non-OECD countries. The report is divided into three parts. The first part covers 
international conventions on nudear third party liability, describing their princip les and provisions, 
while the second and most important part provides a detailed description of national laws in that 
field , according to a plan standardised to the extent possible to facilitate comparisons. The national 
studies deal, in particular, with the nature of liability, the type of damage covered, the conditions of 
financial security and compensation of victims. The last part contains a brief analysis of D 
existing nationallegislation on the liability of operators of nudear ships. 

THIRD PAnY 
LIABIUTY 

ISBN 92-64-13421-2 
f24.00 - US$45.00 - FF 210.00 - DM 82.00 - 'i 7500 



EXTENSION OF THE INTERNATIONAL ALLIGATOR RIVERS 
ANALOGUE PROJECT 
C. Thegerstrom and P. Duerden 

DisposaI of high-Ievel radioactive waste requires the ability to assess how radionuclides might move 
through the rock masses in which theyare to be buried. The NEA Alligator Rivers Analogue Project, 
which will help determine the long-term pro cesses likely to influence this transport of radionuclides, 
has recently been extended for two more years. 

Natural analogues are occurrences of 
materials or processes that can be found 
in nature, and which are similar, or 

analogous, to other materials or processes to 
which the y may be compared. Uranium ore 
bodies in different geological formations can 
thus be studied as analogues of radioactive 
waste repositories, since they constitute 
depositions of radioactive elements in nature 
similar to disposed radioactive waste. They 
have been exposed to groundwater flow, 
geochemical processes and geological changes 
over long periods of time, resembling what 
may in the future influence radioactive wastes 
deposited in such formations. Studies of 
natural analogues can therefore provide 
unique information to give assurance that the 
most relevant processes, phenomena and 
scenarios have been included in the models 
used to assess the long-term safety of 
radioactive waste repositories. In particular, 
evidence of the mobility of radionuclides in 
natural geological systems for periods of 
thousands to millions of years can be obtained. 

THE INTERNATIONAL ALLIGATOR 
RIVERS PROJECf 

The Koongarra uranium ore deposit in the 
Alligator Rivers region of the Northern 
Territory of Australia has been studied as an 
analogue of radioactive waste repositories by 
the Australian Nuclear Science and 
Technology Organisation (ANSTOJ, since 
1981. In 1987, the site was chosen for an 
international research project, sponsored by 
the OECD Nuclear Energy Agency. The project, 
which is managed by ANSTO, was established 
for an initial period of three years, with the 
partici pation of six organisations *. A joint 

* Participating organisations: the Australian Nuclear 
Science and Technology Organisation (ANSTOJ, the 
Japan Atomic Energy Research Institute (JAERI) , the 
Power Reactor and Nuclear Fuel Development 
Corporation of Japan (PNCJ, the Swedish Nuclear Fuel 
Inspectorate (SKI) , the UK Department of Environment 
(UKDOEJ, and the US Nuclear Regulatory Commission 
(USNRC). 

MR. CLAES THEGERSTROM IS A MEMBER OF THE NEA 
RADIATION PROTECTION AND RADIOACTIVE WASTE 
MANAGEMENT DIVISION 
MR. PETER DUERDEN IS THE MANAGER OF THE ALLIGATOR 
RIVERS PROJECT IN THE AUSTRALIAN NUCLEAR SCIENCE AND 
TECHNOLOGY ORGANISATION (ANSTO) 

technical committee of representatives of the 
participants meets once a year to approve the 
annual budget and programme of work. 

The overall objectives of the project are to: 

il contribute to the production of reliable 
and realistic models for radionuclide 
migration within geological environments 
relevant to the assessment of the safety of 
radioactive waste repositories; 

iil develop methods of validation of models, 
using a combination of laboratory and 
field data associated with the Koongarra 
uranium deposit; and 

iii) encourage maximum interaction between 
modellers and experimentalists in 
achieving these objectives. 

THE CONDUCT OF THE STUDY 

The method of operation has been to ob tain 
samples of uranium ore, rocks and water from 
drill-holes at the Koongarra site, and to per
form hydrological measurements. The samples 
are then analysed by a variety of chemical and 
physical methods in laboratories of the 
participants or of contractors with special 
expertise and equifment. At the start of the 
project, samples 0 cores from 71 drill-holes 
were available, and samples of water had been 
obtained from several larger diameter drill
holes. In late 1988, 22 additional holes were 
drilled in and around the orebody for hydro
geological and groundwater geochemistry stu
dies, and to provide more samples for labo
ratory studies. 

The successful results of the Alligator Rivers project led the 
participating countries ta extend it for two more years. 
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The data obtained is used in models that are 
designed to simulate the pro cesses that have 
contributed to the formation of the present-day 
uranium ore deposit. Th e factors being 
considered include the original weathering of 
the Koongarra region, the alteration of the host 
rock and primary uranium, groundwater flow 
and migration pathways , rock/groundwater 
interactions , radionuclide transport , and the 
formation and continued development of the 
secondary mineralisation. 

The work is under way at a number of labo
ratories and consultant companies, including 
the University of Arizona , John Hopkins 
University, University of Sydney, Los Alamos 
National Laboratory, UKAEA Harw ell 
Laboratory, WS Atkins Engineering Sciences 
Ltd ., U.K., KEMAKTA Consultant Co. , 
Sweden, CSIRO Division of Water Resources, 
Northern Territory Power and Water Authority 
and the Department of Mines and Energy, NT, 
Australia. The data from the project are also 
being mod e lI ed as a test case in the 
internation al model va li dation stud y 
INTRAVAL, also under NEA sponsorship . 

PROGRESS TO DATE 

An extensiv e stud y of the di stribution of 
uranium, thorium and radium isotopes in and 
around the orebody has identified well 
defined areas of leaching and accumulation 
within the weathered zone. A substanti al 
geochemical database has been prepared from 
samples of groundwater collected from more 
than 80 boreholes in the vicinity of Koongarra, 
which represent ail the distinctive geologic 
units. Hydrologica l data have also been 
obtained in selected parts of the area, and both 
field and laboratory measurement programmes 
have been undertaken. The data accumulated 
so far have bee n use d as input to mod els 
es tablish ed to ca lcul ate the ex tent an d 
tim escale of migration of th e uranium. 
Preliminary analyses of se lected long-lived 
fi ssion products and plutonium have also been 
obtained, with a view to modelling their mi
gration in the orebody. 

In summa ry, the exte nsi ve exper imental 
programme to understand the processes and 
evalu ate th e urani um dispersion in th e 
weathered zone has provided a substantial 
database with which it is possible to test 

geochemical and nuclide migration models 
used in the safety assessment of radioactive 
waste repositories. 

TWO-YEAR EXTENSION OF THE 
PROJECT 

Significant progress has been made over the 
past three-year fhase , in extending the breadth 
and quality 0 the database and its inter
pretation , and in modelling the geochemical 
and hydrological aspects of radionuclide trans
port. However, the participants have agreed 
that an extension of the project for another two 
years is indispensable in order to make full use 
of the data and to bring the project to a scien
tifically satisfactory and well-documented end. 

A major objective of the Alligator Rivers prajec! is to 
understand and describe the migration of radionuclides in a 
uranium ore deposit. 

It is intended that the first year of extension 
will provide co mpl eted databases for 
radionuclide transport and geoc hemi ca l 
mod elling, and "adequate " fi eld data to 
understand the present-day groundwater flow 
sys tem at Koongarra and to eva lu ate the 
importance of possible fracture flow in the 
wea th ered zone. Max imum interaction 
between the experimental and modelling tasks 
is essential at this stage of the work, so that a 
satisfac tory understanding of the processes 
invo lved can be gained during this period. 
Cons equentl y, the regular workshops for 
intercomparison of results and review and co
ordination of the work will be continue d, and 
the involvement within INTRAVAL will be 
maintained. It is envisaged that ail experi
mental work will be completed by mid-1991, 
and that modelling and preparation of the final 
report will be the major tasks in the D 
1991-1992 period. 



NEWS BRIEFS 

COLLECTIVE OPINION ON DISPOSAL 
OF RADIOACTIVE WASTE 

In a collective opin ion prepared for pub
lication, international experts have confirmed 
that the safety assessment methods available 
today can be used to make reliable safety 
assessments and to take responsible decisions 
for the licensing of radioactive waste 
repositories, ev en in the case of high-Ievel and 
long-lived waste. This feeling of confidence 
has emerged from a comprehensive review of 
the state-of-the-art in safety assessment and of 
the major associated research areas. The 
Collective Opinion , entit led Disposai of 
Radioactive Waste: Can Long-Term Safety be 
Evaiuated? was prepared by the Radioactive 
Waste Management Committee (RWMC] of the 
NEA. It has been endorsed by the relevant 
expert groups of both the International Atomic 
Energy Agency (IAEA] and the Commission of 
European Communities (CEC] . The document 
will be published by the NEA in the near 
future , in the hope that it will be given wide 
distribution to decision-makers and non
specialists interested in radioactive waste 
disposai issues , but who may not fully appre
ciate the progress made over the years in this 
field . 

SINGLE COURT RECOMMENDED AT 
NATIONAL LEVEL TO RULE ON 
NUCLEAR DAMAGE 

Although th e 1960 Paris Convention on 
Nuclear Third Party Liability provides that 
jurisdiction for actions for compensation of 
damage following a nuclear incident lies with 
the courts of one single Contracting Party, it 
does not prevent several courts of the country 
concerned from being competent to deal with 
actions for the same nuclear incident. If 
several courts have jurisdiction, practical 
problems might appear, and dealing with 
claims for co mp ensa tion might en tail 
difficulties, particularly when damage gives 
rise to numerous claims in various regions. 
Thus, the NEA Steering Committee for Nuclear 
Energy adopted, at it s last me eti ng, a 
recommendation from the Group of 
Governmental Experts on Third Party Liability 
in the field of Nuclear Energy, inviting ail 
countries Party to the Paris Convention to 
provide, when revising their national legis
lation, for a single court to be competent at 
national level to rule on claims for compen
sation of nuclear damage following a nuclear 
incident. 

NEAINITIATESCONTACTSWITH 
CENTRAL AND EASTERN EUROPEAN 
COUNTRIES 

As part of the OECD policy to develop contacts 
with Central and Eastern European Countries, 
a seminar will be convened during December 
1990 by the Nuclear Energy Agency (NEA] on 
behalf of the OECD Center for Co-operation 
with European Economies in Transition. 

The seminar, which will be attended by high
level experts from those countries of Central 
and Eastern Europe , including the USSR , 
having a nuclear power programme , will 
address issues in the area of nuclear safety, 
radiation prote ction , radioactive waste 
management , nucl ear liability in case of 
accidents , and public information. Its main 
objective will be to outline the activities and 
projects of the NEA of potential interest to the 
partici pants and to explore opportunities for 
exchanges of information or other forms of co
operation of mutual interest. 

WORKSHOP ON RADIATION 
PROTECTION AND SAFETY CRITERIA 
FOR THE DISPOSAL 
OF HIGH-LEVEL RADIOACTIVE WASTE 

Licensing of a repository for the disposai of 
radioactive waste requires a set of criteria 
against which the regulatory authorities will 
judge the acceptability of the proposed system. 
General criteria already exist or are un der 
development in countries with major nuclear 
proarammes, as weil as at the international 
level While the underlying basic principles of 
radiation protection are weIl es tablished , 
detailed radiation protection and safety criteria 
for high-Ievel was te disposaI are , in most 
cases , still under development. This is partly 
due to the fact that high-Ievel waste disposaI is 
not planned to be implemented until around 
2010 , at the earliest. 

In response to a proposaI from the Nordic 
Authorities on Nuclear Safety and Radiation 
Protection, and considering the extensive work 
under way related to radiation protection and 
safety criteria for high-Ievel waste disposai , the 
NEA organised a workshop on these issues on 
5th-7th November, 1990. The objective of this 
spec ialist me eting was to review the 
approaches to the development of the se 
crit eria , as weIl as to dis cuss important 
conceptual and practical issues related to their 
application . 
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Uranium: Resources, Production and Demand 
(including a separate Summary and a Statis
tic al Update 1990) 

Nuclear power generating capacity can 
continue to expand only if there is confidence 
in an adequate supply of uranium. This report 
presents compilations of uranium resource and 
production data, established in early 1989. It 
also presents projections of the nuclear 
industry's future natural uranium require
ments and reviews the status of uranium 
exploration, resources and production in over 
fort y countries. 
ISBN 92-64-13364-X 
f30.00 - US$52 .00 - FF 250.00 -
ODM 97.00 - V 8800 

OECD Nuclear Energy Data 

Nuclear Energy Data is the OECD Nuclear 
Energy Agency's annual compilation of basic 
statistics on electricity generation and nuclear 
power in OECD countries. The reader will 
find quick and easy reference to the present 
status of and projected trends in total 
electricity generating capacity, nuclear 
generating capacity, and actual electricity 
production, as well as on supply and demand 
for nuclear fuel cycle services. 
ISBN 92-64-03370-X 
f6.00 - US$11.00 - FF 50.00 - DM 20.00 -
V 1750 

Nuclear Law Bulletin No. 45 
(Annual subscription - two issues and 
supplements) 

The Bulletin is the only international legal 
publication of its type. It informs on national 
legislative and regulatory work, jurisprudence, 
international agreements, and also reports on 
the regulatory work of the competent inter
national organisations in the nuclear sector. It 
contains articles or studies, prepared by 
acknowledged legal specialists, and it includes 
bibliographies of recent publications. It also 
provides in the form of free supplements, the 
full texts of many important laws, regulations 
and agreements. In addition , an analytical 
Index is sent to subscribers after every five 
issues. Published also in French, the Bulletin 
is the standard reference work for profes
sionals and academics due to its worldwide 
consistent coverage of nuclear law. 
ISSN 0304-341-X 
f17.60 - US$ 33.00 - FF 150.00 - DM 65.00 

Proceedings of the Symposium on the 
Safety Assessment of Radioactive Waste 
Repositories 

1024 pages (bilingual) 
How to dispose of radioactive waste is a major 
issue in discussions of nuclear energy and the 
environment. These proceedings of an 
international symposium, organised jointly by 
the OECD Nuclear Energy Agency and the 
Commission of the European Communities, in 
co-operation with the French Atomic Energy 
Commission, provide a comprehensive 
overview of the advanced approaches and 
methodologies developed to assess the long
term safety of radioactive waste repositories. 
ISBN 92-64-03334-3 
f64.00 - US$112 .00 - FF 530.00 -
DM 205.00 - V 19000 

Nuclear Legislation: Third Party Liability 

Many countries have adopted a special 
liability and insurance system for operators of 
nuclear installations as regards damage caused 
by a nuclear incident. This book describes the 
relevant international Conventions and studies 
the national legislation of thirty-three coun
tries using a standard framework to facilitate 
research and comparison. The national 
studies describe the nature of the liability, the 
type of nuclear damage covered , and the 
conditions for taking out financial security and 
for compensating victims. Where applicable , 
the studies are supplemented by information 
on the liability of operators of nuclear-powered 
ships. 
ISBN 92-64-13421-2 
f24.00 - US$45.00 - FF 210 .00 -
DM 82.00 - V 7500 

FREE ON REQVEST 

The International HYDROCOIN Project 
Level2: Model Validation 
(English version only) 
NEA Newsletter, Vol. 8, No. 1 
Protection of the Population in the Event of a 
Nuclear Accident - A Basis for Intervention 
18th NEA Activity Report 
The International INTRA VAL Project -
Background and Results (1990) 
Uranium - Statistical Update (1990) 
Catalogue of NEA Publications 
(September 1990) 
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Mil Mag Menning 
Laugavegi 18, P6S1b61f 392 
121 Reykjavik 

Tel. 322.21.60 

Tel. 366 80 31 

Tel. 15199/24240 

India-Inde 
Oxford Book and Stationery Co. 
Scindia House 
New Delhi 110001 
Telex: 31 61990 AM IN 
Telefax: (11)332.5993 
17 Park Street 
Calcutta 700016 

lndonesia - Indonésie 
Pdii-üpi 
P.O. Box 269/JKSMG/88 
Jakarta 12790 
Telex: 62 875 

Ireland - Irlande 
TOC Publishers - übrary Suppliees 
12 North Frederick Street 

Tel. 331.5896/5308 

Tel. 240832 

Tel. 583467 

Dublin 1 Tel. 744835n49677 
Telex: 33530 TDCP El Telefax: 748416 

Italy - Italie 
Libreria Cornmissionaria Sansoni 
Via Benedetto Fortini, 120/10 
Casella POSI. 552 
50125 Firenze Tel. (055)645415 

Telex: 570466 Telefax: (39.55)641257 
Via 8artolini 29 
20155 Milano Tel. 365083 
La diffusione deJie pubblicazioni OCSE viene assicurata dalle 
principali librerie ed anche da: 
Editrice e Libreria Herder 
Piazza Montecitorio 120 
00186 Roma Tel. 679.4628 
Telex: NATEL 1621427 

Libreria Hoepli 
Via Hoepli 5 
20121 Milano Tel. 865446 
Telex: 31.33.95 Telefax: (39.2)805 .2886 

Libreria Scientifica 
Don. Lucio de Biasio "Aeiou" 
Via Meravigli 16 
20123 Milano Tel. 807679 
Telefax: 800175 

Japan- Japon 
OECO Publications and Information Centre 
Landic Akssaka Building 
2-3--4 Akasaka, Minato--ku 
Tokyo 107 Tel. 586.2016 
Telefax : (81.3)584.7929 

Korea - Corée 
Kyobo Book Centre Co. Ltd. 
P.O. Box 1658, Kwang Hwa Moon 
Seoul Tel. (REP)73O.78.91 
Telefax: 735 .0030 

Malaysia/Singapore - Malaisie/Singapour 
University of Malaya Co-o~rative Bookshop Ltd. 
P.O. Box 1127, Jalan Pa nt •• Baru 59100 
Kuala Lumpur 
Malaysia Tel. 756.5ooon56.5425 
Telefax: 757.3661 

Informalion Publications Pte. Ltd. 
Pei- Fu lndustria.l Building 
24 New lndustrial Road No. 02-06 
Singapore 1953 Tel. 283.1786/283.1798 
Telefax: 284.8875 

Netherlands - Pays-Bas 
sou Uitgeverij 
Christoffel Plant ij nstraat 2 
Postbus 20014 
2500 EA's-Gravenhage Tel. (070 3)78.99.11 
Voor bestellingen: Tel. (070 3)78.98.80 
Telex : 32486 stdru Telefax: (0703)47.63.51 

New Zealand - Nouvelle-Zélande 
Government Printing Office 
CuSlamer Services 
33 The Esplanade - P.O. Box 38-900 
Petone, Wellington 
Tel. (04) 685-555 

Norway - Norvège 
Narvesen Info Center - NIC 
Bertrand Narvesens vei 2 
P.O. Box 6125 Etterstad 
0602 Oslo 6 
Telex : 79668 NIC N 

Pakistan 
Mirn Book Agency 
65 Shahrah Ouaid-E-Azam 
Lahore 3 

Telef.x: (04)685-333 

Tel. (02)57.33.00 
Telefax: (02)68.19.01 

Tel. 66839 
Telex: 44886 UBL PK. Altn: MIRZA BK 

Portugal 
Livraria Portugal 
Rua do Carma 7{}-74 
Apart . 2681 
1117 Lisboa Codex 
Telefax: 370264 

Tel. 347.49.82/3/4/5 

Singapore/Malaysia - Singapour/Malaisie 
See "Malaysia/Singapore - "\bir "Malaisie/Singapour" 

Spain - Espagne 
Mundi- Prensa Libros S.A. 
Castell6 37, Apartado 1223 
Madrid 28001 Tel. (91) 431.33.99 
Telex: 49370 MPU Telefax: 575 39 98 
Libreria Internacional AEDOS 
Consejo de Ciento 391 
08009 - Barcelon. Tel. (93) 301~&-15 
Telefax : (93) 317-01-41 

Sweden - Suède 
Fritzes FackboksfOretaget 
Box 16356, S 103 27 STH 
Regeringsgatan 12 
DS Stockholm Tel. (08)23.89.00 
Telex: 12387 Telefax: (08)20.50.21 
Subscriptian Agency/Abonnements: 

Wennergren-Williams AB 
Box 30004 
104 25 Stockholm 
Telex: 19937 Telefax: (08)50.82.86 

Switzerland - Suisse 
OECO Publications and Information Centre 
Schedestrasse 7 

Tel. (08)54.12.00 

5300 Bonn 1 Tel. (0228)21.60.45 
Telefax : (0228)26.11.04 

Librairie Payot 
6 rue Grenus 
1211 Gen~ve JI Tel. (022)731.89.50 
Telex: 28356 
Subscription Agenc)' - Service des Abonnements 
4 place Pépinet - BP 3312 
1002 Lausanne Tel. (021)341.33.31 
Telefax: (021)341.33.45 

Maditec S.A. 
Ch. des Palettes 4 
1020 Renens/Lausanne Tel. (021)635.08.65 
Telefax: (021)635 .07.80 
United Nations Bookshap/Librairie des Nations-Unies 
Palais des Nations 
1211 Gen~ve 10 Tel. (022)734.60. 11 (exl. 48.72) 
Telex: 289696 (Attn : Sales) 
Telefax : (022)733.98.79 

Taiwan - Formose 
Good Fai'h Worldwide Inl'l. Co. Ltd. 
9.h Floor, No. lJ8, Sec. 2 
Chun~ Hsiao E. Raad 
Taipe. Tel. 391.7396/391.7397 
Telefax : (02) 394.9176 

Thailand - Thaîlande 
Suksit Siam Co. Ltd. 
1715 Rama IV Road, Samy.n 
Bangkok 5 Tel. 251.1630 

Thrkey - Thrquie 
Kültur Yayinlari Is-Türk Ltd. Sti. 
Atatürk Bulv.ri No. 191/Ka1. 21 
Kav.k1idere/Ankara Tel. 25.07.60 
Dolmabahce Cad. No. 29 
Besiktas/1stanbul Tel. 160.71.88 
Telex: 43482B 

United Kingdom - Royaume-Uni 
HMSO 
Gen. enquiries Tel. (07 1) 873 0011 
Postal orders onl y: 
P.O. Box 276, London SW8 5DT 
Personal CalIers HMSO Bookshap 
49 High Holborn , London WCI V 6HB 
Telex: 297138 Telefax: 071 873 8463 
Branches al : Belfast , Birmingham, Bristol, Edinburgh, 
Manchester 

United States - États-Unis 
OECO Publications and Information Centre 
2001 L Street N.W., Suite 700 
Washington, D.C. 2003&-4095 Tel. (202)785.6323 
Telefax: (202)785.0350 

Venezuela 
Libreria dei Este 
Avda F. Miranda 52, Aptdo. 60337 
Edificio Galipin 
Caracas 106 Tel. 951.1 705/951.2307/951.1297 
Telegram: Libreste Caracas 

Yugoslavia - Yougoslavie 
Jugaslovenska Knjiga 
Knez Mihajlova 2, P.O. Box 36 
Beograd Tel. 621.992 
Telex: 12466 jk bgd 

Ordcrs and inquiries from countries where Distributors have 
na t yet becn appointed should be sent to: OECD Publications 
Service, 2 rue André-Pascal, 75775 Paris Cedex 16, France. 
Les commandes ~rovenant de pays où l 'OCDE n'a pas encore 
désigné de distnbuteur devraient être adressées ~ : OCDE, 
Service des Publications, 2, rue André-Pascal, 75775 Paris 
Cedex 16, France. 
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