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Editorial board: Jacques de la Ferté, Florence de Galzain 
The NEA News/effer is published Iwiee yearly in English and French by the OECD Nuclear Energy Ageney. The opinions expressed in the News/effer are those of the eontributors alone and do not 
necessarily refleetthe views of the Organisation or of its Member eountries. Material in the Newsleffer may be freely used provided the source is acknowledged. Correspondenee should be addressed ta: 

The Editor, NEA Newsletter, OECD Nuclear Energy Agency 
12, boulevard des tles - 92130 Issy-les-Moulineaux, France - Telex 640.048 AEN/NEA - Fax 4S 2411 10 

The OECD Nuclear Energy Ageney INEA) wos established in 1958 under the nome of the OEEC European Nuclear Energy Ageney. 1t received its present designation on 20th Apri l, 1972, when Japon 
beeame is first non-European fu ll Member. NEA membership today eonsists of 011 European Member countries of OECD as weil as Austrolia, Canada, Japon and the United States . The Commission of the 
European Communities takes part in the NEA's wark and a eODperation agreement has been eoncluded with the International Atomie Energy Ageney. The purpose of the NEA is ta lurther the development 
01 nucleor energy by sponsoring eeonom ie, teehnieal and seienti/ie studies and proieets, and by eontributing ta the optimisation 01 solety and regulatory polieies and praetices. 
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The dernandfor qual!fïed manpower in Ihe nuclearfïeld conlinues 10 be vel}' high. 
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THE COSTS OF ELECTRICITY GENERATION 

w; hen governments or utili/ies make plans for their fii/ure sources of electricity supply, they have to take account 
of many tee/mica l, social, or economic factors. The cost of generating electricity ft'om several technologies is 

one of the m.ost important factors which should be considered in the choice of a generation technology. For 
instance, nue/ear power has increased its generation capa city in many years and in many countries, mostly because it has 
been regarded as a cheap and sentre source of electricity both for the short and long term. In fact, it was observed in past 
NEA studies that generation costs offuture nuc/ear power plants would be cheaper th(1/1 those ojjûture coal-fired plants in 
mal/y countries. Recently, howevel; there have been increasing arguments that nuc/ear power lS not cheap any more if 
escalation of costs of construction, operations and maintenance (O&M), and decommissioning are taken into account. 
These da ims are not general/y true as shown by the NEA 's recent study updating ils series of comparative studies on 
projected costs of generating electrici(y. 

NEA STUDIES AND THEIR MAIN OBJECTIVE 

The NEA has already conducted studies on electricity 
generation costs in 1983, 1986 and 1989, the last time 
jointly with the OECD International Energy Agency (IEA), 
and in ail cases in close association with the International 
Union of Producers and Distributors of Electrical Energy 
(UN IPEDE). The new study was also performed jointly 
with the IEA and in co-operation with the UNIPEDE. 
Sixteen OECD countries participated in it as weil as six 
non-OECD countries (notabl y China, Czech and Siovak 
Federal Republic (then), Hungary, lndia, Korea and Russia) 
which joined the study as part of the contribution of the 
International Atomic Energy Agency (IAEA). 

The main objective of the st udy was to review and 
explain the costs that would be ex pected for base load 
elec tri cit y generation technologies which could be 
commercially available in the near future. The study did 
not aim to analyse CUITent costs of generating electricity nor 
future generation costs of ex isting power plants. This 
objecti ve influenced the choice of method of calculating 
electricity generation costs considered in the study and the 
scope of generation technologies to be analysed. 

LEVELISED LlFETIME COST METHOD 

During the first study in 1983, several cost calculation 
methods were di scussed, and the constant-money levelised 
lifetime cost method was adopted because it was widely 
accepted and provided a useful basis for inter-technology 
comparison of generation costs From plants operating under 
similar conditions, e.g. base load plants from a specified 
plant commissioning date. The same method has been 
adopted in the subsequent studies. 

*MR. MICHIO SAKURADA IS A MEMBER OF THE NEA NUCLEAR 
DEVELOPMENT DIVISION. 

The leveli sed cost of generation From a power plant is 
derived by dividing the total costs of building and operating 
the plant over its lifetime by the net electrical output over 
the same time period. The ideal calculation of this method 
will take account of the Flow of money expended on 
constructing the plant , it s fuel , its operations and 
mai ntenance and ail subsequent stages including spent fuel 
management, radioactive waste management and disposai, 
and decommissioning of the plant. A standard economic 
discounting procedure with an appropriate discount rate 
related to the real return on capital is used in order to find a 
total cost in prese nt worth terms. Then a leve li sed 
generation cost is obtained in constant money terms by 
di viding the total present worth co st by the sum of the 
discounted electricity output over the plant's Iifetime. 

SCOPE OF PLANTS 

As in the past studies, ail costs which were analysed in 
the study were based on data provided by the participating 
countries either direc tly from utilities or through 
government agencies. They were asked to provide 
projected costs from power plants which could be 
commercially commissioned on 1 st J uly 2000. The date 
was, however, only for guidance, and plants which were 
assumed to be commissioned before or shortly after the date 
were also analysed. The submiss ion of cost data does not 
necessarily mean that there exist real finn plans for the 
construction of such plants. 

ln the previous studi es, the submitted cost data were 
almost limited to those of large scale pulveri sed coal 
combustion plants (PCC) or large scale water-cooled 
nuclear plants (PWR, BWR and PHWR). However, other 
technologies have emerged recently as commercially 
available options, such as the combined cycle gas turbine 
sys tem (CCGT), advanced coal-burning plants and some 
renewable technologies. Efforts were made to include these 
technologies in cost comparisons in the study. As a result, 
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Countries, like Japan, which in/end to increase their e/ectricity production /hrough nuclear power, are interested ill 
the development of new types of reactor.l'. Here the Monju Fast 8reeder Reac/or. 

many cost data were provided for CCGT as weil as those 
for nuclear and coal-fired plants. However, cost data on 
advanced or renewable technologies were disappointingly 
limited, although a few estilllates were provided for 
advanced coal-fired technologies, slllall-scaie hydropower 
plants , wind turbines, etc. The reason for the lack of 
response could be that utilities and governlllent agencies 
participating in the study had considerably less commercial 
experience with respect to the technologies, their 
performance and costs th an for other, more established 
technologies. 

BASIC ASSUMPTIONS 

Ali cost data submitted to the study were ca!Culated on a 
common basis of technological and economic assumptions. 
Operation al lifetime and load factors of nuclear plants and 
conventional coal-fired plants for the reference case are 
assumed to be 30 years and 75 per cent (6600 hours at full 
load per annum (p. a.)) respectively. These technical 
assulllptions for other types of power plants, including 
CCGT, were left open to be decided by countries as the 

previous studies did not provide sufi cient guidance on 
values to be expected. 

The discount rate is an important factor which could 
significantly influence levelised Iifetime cost of generating 
electricity from capital intensive power plants such as 
nuclear plants. In the previous study published in 1989, a 
real discount rate of 5 per cent p.a. was adopted as the 
reference value because it was consistent with the va lues 
adopted in the majority of OECD countries. Five per cent 
p.a. still remain s the most common va lue for OECD 
countries, but discount rates have been increased in some 
participating countries since the last study. ln addition , the 
non OECD country' values are somewhat higher at 8 per 
cent to 12 per cent. Thus, both 5 per cent and 10 per cent 
are adopted as reference discount rates for this study. 

COSTING BASIS 

The costs of generating electricity considered in the stucly 
co ver ail components of plant specifie direct costs falling on 
the utility that woulcl influence its choice of generat ion 
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technologies. The costs are calculated on the bas is of net 
power suppli ed to the station bus-bar. The cos ts of 
transmi ss ion and di stribution are exc luded from the 
analys is. 

ln add ition to the costs of construction and operation of 
th e pl ants, nu clea r generat ion costs include cos ts of 
deco mmi ss ioning of the pl an ts and manage ment and 
di sposai of operating waste (including low-Ievel radioactive 
waste). For most countries, the fuel costs for a nuclear plant 
coyer ail necessary stages of the fuel cycle including spent 
fuel stOl'age, reprocess ing and the disposai of fuel wastes. 

Costs which are not plant specific, e.g. taxes on income 
and profit charged to the utility, are exc luded from the 
analys is, as they are not altered by the choice of plant. 
External costs are also excluded because these do not fa ll on 
the utilities themselves. These exclusions were considered 
in some detail in another NEA study 1. 

Ail costs are expressed in constant money tenns and have 
been converted to national currency of July 1 st 199 1 using 
appropriate national currency deflators ; then they have 
been converted to US mills (0.001 US$) of the same date. 

There are grea t difficulties in mak in g intern ational 
compari sons with costs ex pressed in US mi Il s. Exchange 
rates do not accurately refl ect purchasing power parities. 
Furthermore the apparent cost relati vity between countries 
can be influenced signi ficantly by the date adopted for inter
currency conversIOns. 

RESULTS: COMPONE NT COSTS 

In ves tment cost is a dominant component of costs of 
nuclear power. The proportion of investment co st to total 
generation costs of nuclear power is 45 to 65 pel' cent at 5 
pel' cent p.a. di scount rate or 60 to 75 per cent at 10 per cent 
p.a. di scount rate in most countries. On the other hand, fuel 
cost dominates generation costs of CCGT. The proportion 
of fuel cost to total generation costs of CCGT lies in the 
range 60 to 85 per cent at 5 per cent p.a. di scount rate. The 
characteristic cost composition of coal-fired plants is also 
fuel intensive but less ex treme than CCGT. The proportions 
of in vestment cost and fuel cost of coal-fired plants at 5 per 
cent p.a. di scount rate are 25 to 45 per cent and 40 to 60 per 
cent, respectively, in most countries. 

The base construction costs (i.e. excluding interest during 
constructi on and all owances for deco mmi ss ionin g) of 
nuclear power plants are projected to be in a range from 
11 50 to 1800 $/kWe in the majority of countri es. The 
projected base construction costs of coal-fired and CCGT 
show a small er range of va ri ation from 1 000 to 

1 500 $/kWe and 550 to 800 $/kWe, respecti vely, in the 
majority of the countries providing relevant data. 

The cost diffe rences can be ex plained by a number of 
factors. Designs used in different countries differ to match 
their own regulatory and siting requirements. The scale of 
plants, number of plants at a site, contractual arrangements 
and costs of construction are also different from country to 
country. If a plant is one of an establi shed seri es, it will 
tend to be cheaper than a first of a new design. 

Abso lute (undi sco unted) va lues of deco mmi ss ioning 
costs of nuclear power plants were estimated from 10 per 
cent to 15 per cent of total investment costs in the majority 
of countries. However, when discounted, decommiss ioning 
costs are less than 2 per cent of total generati on costs in 
most countries. Thus it is obvious that decommi ss ioning 
costs do not signifi cantl y influence generati on costs of 
nuclear power plants. 

The operation and maintenance (O&M) costs for nuclear 
and coal-fired plants are in the range from 30 to 110 $/kWe 
and From 25 to 100 $/kWe per year at 75 per cent load 
fac tor, respectively. These ran ges essenti all y overlap, 
although the majority project O&M costs for coal-fired 
plants at 75 per cent load factor to be lower than those for 
nuclea r plants. The O&M costs for CCGT plants are 
between 10 to 50 $/k We per year at 75 per cent load factor, 
and are expected to be less than those for nuclear and coal
fired plants, generally by a significant margin . 

The di vergences of O&M costs for nuclear plants could 
be explained by varying coverage of the costs. For instance, 
some countri es include mid-life refurbishment costs but 
some do not. The NEA is now conducting a new study in 
order to provide a c1earer ex planation of the differences in 
projected O&M costs. 

Most countries project fuel costs for LWRs to lie in the 
range 5 to Il mill s/kWh at 5 per cent p.a. di scount rate. 
The co st for unenriched PHWR fuel is expected to be lower 
at 1.8 to 7.1 mills/kWh. Fuel costs for coal-fired and CCGT 
pl ants are projected to be in the ran ge from 8 to 50 
mills/kWh and from 18 to 58 mills/kWh, respectively, at 5 
per cent p.a. di scount rate. Ali countries expect fuel costs of 
fossil plants to be significantly higher th an those of nuclear 
plants. 

Most countries project no signi ficant escalation in nuclear 
or coal fuel prices during the early part of the next century. 
On the other hand, gas price projection is more difficult, and 
countries ' estimates of future prices lie in a much wider 
range than those of the prices of the other fuel s. 

1. Nuc lear Energy Agency. Broad Economie Impact of Nuclear Power. (Paris, 
OECD, 1992). 
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RESULTS: OVERALL GENERATION COSTS 

Any comparison between overa ll generation costs from 
nuclear power plants and coal/gas-fired plants depends 
highly on the level of di scount rate. At a 5 per cent p.a. real 
discount rate, nuclear power is projected to be cheaper than 
coal-fired power in 12 of the 13 countries providing data for 
both . At this di sco unt rate , CCGT plants are more 
ex pensive than nu clear plants in 8 of the 9 countries 

providing data for both. In other words, nuclear power will 
be the most economical base load generati on technology 
around the year 2000 in most countries, if 5 per cent p.a. 
di scount rate is adopted. 

However, at 10 per cent p.a. di scount rate, the conclusion 
is less clear-cut, as the position of the less capital intensive 
technologies is greatly improved relative to the more capital 
intensive ones. A CCGT plant is projected to be th e 
cheapest base load option in 8 countries. Only 5 countries 
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Manyfactors have to be taken into account when ca{cu{a/ing e{ec/rici/y genera /ion cos/s. 

project nuclear generation to be signi ficantly cheaper than 
coal-fired generation, 3 countri es show the two options 
about even and 4 countries project coal-fired plant to be the 
cheaper option. Nuclear power is only projected to retain 
its signi ficant overall advantage in 2 countries, amongst the 
9 countries supplying data for ail three technologies. 

The overall cost comparison is also sensiti ve to nuclear 
in vestment costs and foss il price projection. For instance, a 
25 pel' cent increase of gas fuel cost makes CCGT more 
expensive th an or equal to nuclear power in most countries 
when the 10 pel' cent di scount rate is applied. 

Although cost data about renewable technologies were 
quite Iimited, they show some aspects of generation costs 
From those sources. Wind turbines are projected to be more 
ex pensive th an the major base load generation options, and 
the competiti veness of small scale hydroplants will depend 
on their locations. 

TRENDS IN PROJECTED COSTS 

For a number of OECD countries that have contributed to 
th e NEA se ri es of fo ur ge nerati on cos t studi es, it is 
interes ting to note the trends in projected costs. lt is, 
however, necessary to take account of di ffe rent technical 
assu mptions adopted in the past studies. For thi s purpose, 

the data in the earlier studies in constant national currency 
tenns have been converted to a common 75 per cent load 
factor and 30 year plant Iife, and compared to the results of 
the latest study. 

When analysed on the basis of the real value of national 
currencies, projected overall nuclear generation costs have 
remained fa irly stable over the past decade, as increases in 
cap ital and O&M costs have been offset by decreased 
nuclear fuel costs. On the other hand, the attractiveness of 
coa l-fired plants has been improved due to a decline in 
projected overall generati on costs. ln fact, thi s is due to 
changed expectations of future coal prices, which are no 
longer ex pected to escalate, contrary to predictions made in 
the 1970s and early 1980s. 

At present, nuclear power is not seen as hav ing quite the 
sa me economi c advantage as was th ought in the ea rl y 
1980s. Nevertheless, even at 10 per cent p.a. di scount rate, 
5 out of 14 countries providing nuclear and coal cost data 
project nuclear power to have a c1ear economic advantage 
over coal, and 3 out of 9 countries providing nuclear and 
gas cost data project nuclear power to be a cheaper option 
than CCGT. At a 5 per cent p. a. real discount rate, using the 
reference performance ass umpti ons, most parti cipating 
countries project nuclear power to be the cheapest source of 
base load power from plants to be commissioned around the 
year 2000. 
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AN OVERVIEW OF NATIONAL REGULATORY APPROACHES 
FOR HIGH·LEVEL AND LONG·LIVED WASTE DISPOSAL** 
INTRODUCTION AND BACKGROUND 

T he development of regulatory approaches to the 
disposal of high-level and long-lived radioactive 
waste started to receive significant attention some 

10 years ago. A great deal of experience existed already, 
from general approaches to nuclear regulatory issues. The 
general reguiatory regime of prior authorisation for the 
construction, operation and decommissioning of nue/ear 
fa cilities, based on fo rmaI licensing procedures and a 
convincing safety case, was applicable in princip/e, as weil 
as the basic radiation protection standards for th e 
protection of man and the environment. Furthermore, some 
experience was available ji-om the management of low-Level 
wastes since a few disposai centres were already 
operational in the years /960- 1970. 

The early developments concerned the establishment of 
national legislation and in stitutional structures, defining 
overall man age ment strateg ies and responsibiliti es at 
operational and regulatory levels for such types of waste. In 
particular, in the late 70s and early 80s, national agencies in 
charge of implementing disposai concepts at an operational 
and financiallevel were set up in many countries and it was 
poss ible to allocate clearly separate and independent 
responsibilities to the two main groups concerned: on the 
one hand, the implementing agencies which were often an 
emanation of nuclear electri city utilities and, on the other 
hand, the officially designated regulatory authorities. 

Another important aspect of the long-term management 
of high-Ievel and long-lived radioac ti ve waste was the 
progress ive build-up of a conse nsus in favour of 
multibarrier isolation systems, located deep underground in 
stable geological formations. Some national laws on the 
manageme nt of thi s type of waste refer to possible 
alternatives (such as seabed disposai in the United States) or 
the need to revisit the iss ue after a research period and 
before implementation of the concept is considered (such as 
in France). In some other countries, a formai debate is 
so metimes organised as to the acceptability of the 
geological disposai concept (as in Canada, where a review 
is being conducted by an Environmental Assessment Panel 
appointed by the Mini ster of the Environment). 
Nevertheless, geological repositories are regarded today as 
the most likely and favoured so lution and reg ul atory 

frameworks are essentially centred around this long-term 
and final so lution, whether for hi gh-I evel waste from 
reprocessing or for unreprocessed spent fuel. 

The di sposa i of hi gh-I eve l and long-li ved was te has 
always been regarded as a difficult environ mental challenge 
because of th e ve ry hi gh rad iati on tox icity and the 
extremely long life of some of the radionuclides present in 
the waste. The level of ambition which was suggested From 
the beginning for th e management of such waste is 
accordingly very hi gh. In prac tice, the widely adopted 
principle of protecting future populations at the same level 
as CUITent ones, has far-reaching consequences and imposes 
isolation of the waste from the bi osphere for tens or 
hundreds of thousands of years. The acceptance of such a 
long-term constrai nt is unique in man's hi story. The 
resulting difficulty is not so much to set up technical or 
environmental protection objectives, but rather to ensure 
and , especiall y, to demonstrate compliance with them. 
Isolation systems cannot be expected to last indefinitely and 
must be assumed eventually to lose their integrity. How and 
when this will happen will always be somewhat uncertain . 
This is where the crux of the matter li es from the regulatory 
standpoint. 

Finally, most countries are still two or more decades away 
from the opening of the first high-Ievel and long-lived waste 
repositories. During the coming decades there will be a 
significant evolution with regard to scienti fic progress and 
the national regulatory situations in thi s field. Two main 
areas of regul atory poli cies will probabl y co ntinue to 
dominate the scene: the safety criteria and the associated 
compliance iss ues . In thi s respect, site- specific or 
integrated performance assessment activities will remain the 
cornerstone of the reg ul atory review process. Such 
assessments of the long-term safety of radioactive waste 
repositories are also the subject of intensive di scuss ions at 
the international level stressing the role of international co
operation 1. 

SAFETY OBJECTIVES AND CRITERIA 

The common objective of radioacti ve waste management 
practices is to provide an isolation period long enough to 
ensure that poss ible radiological exposure of CUITent and 
future populations remains at an acceptably low level, in 

*MR. JEAN-PIERRE OLIVIER IS HEAD OF THE NEA RADIATION PROTECTION AND WASTE MANAGEMENT DIVISION. 
**Adapted from a paper presented at SAFEWASTE 93. an International Conference on the Safe Management and Disposai of Nuelear Waste, Avignon, France. 

13th 18th June 1993. 
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conformity with the recommendati olTs of the International 
Commi ssion on Rad iological Protection (ICRP) which are 
the basis for national regulations in thi s fieW. National 
authori ti es have developed their own radiological protection 
criteri a for rad ioactive was te di sposai with reference to 
ICRP recommendationsJ and other international documents 
published by the OECD Nuclear Energy Agency and the 
IAEN56 These criteria are expressed in quantitative terms 
followin g notably the ICRP principles of dose limitation 
and opt imisation of protection. A second series of criteria 
dealing with the isolation system itse lf and the geological 
site properti es is of a more technical nature and essentially 
qualitative. 

RADIOLOGICAL CRITERIA 

They are direc tl y derived from the ICRP re
comme ndati ons and ge nerall y ex pressed in term s of 
individual dose levels or individual risks, risk being defined 
as: 

[ 

probabil ity of ] 
recclvlng a 
glven exposlil e 

[ 

probability that the ex posure ] X will give ri se to a deleterious 
health erfect 

ln add iti on, there is usuall y a requirement th at ail 
exposures should be kept as low as reasonably achievable, 
economic and social factors being taken into account (the 
opt imisation of protection or the ALARA principle). 

The use of a dose or risk criterion is largely debated at 
internat ional level and countries are divided as to which 
criteri on th ey should adop t. For "normal evo luti on 
scena ri os" whi ch wo uld in vo lve a graduai and slow 
deg radation of the barrier system , the probab ility of 
indi viduals of a hypothetica l criti ca l population group 
receiving an exposure at some future date can be regarded 
as Ol/e, although there is some uncertainty as to how fa r in 
the fut ure the ex posure is go ing to be received. A dose 
criterion is then relat ively logica l. Furthermore, it is a 
convenient measure of the impact of radiation exposure. 

For uncertain or even unlikely scenari os , which may 
result From relati ve ly rare events with a probability of 
occurrence l11uch less than one over very long periods, a 
risk cri terion may be more appropriate to describe potenrial 
e.rposllre siruatiol/ s. In addi tion to the uncertainty which 
will al ways exi st in assess ing the radiological consequences 
- in th is case, the potenti al dose - a real difficulty is to 
estimate the probability of the rare events at the origin of 
th e degradation of the barri er sys tem and the poss ible 
ex pos ure of future popul ati ons. This is a signifi ca nt 
obstacle in the use of fully probabilistic approaches to 
safety assessments. 

ln fact, dose and ri sk are both valid sqfery indicators and 
are directly comparab le, a ri sk level of 5 x 10 5 per year 

Reg ula/orv expe rience is alreadv ava ilable from /h e 
managemen/ of' low- level was/es. 

corresponding to an annual dose of 1 millisievert (1 mSv) 
(acco rdin g to th e lates t ICRP recommendations fo r 
indi vidual members of the public). Thi s is why hybrid 
systems, using both dose and ri sk, have been suggested by 
the ICRP itself and also by some countries. 

The Tab le below attempts to summari ze the CUITent 
situation, in a number of countries, concerning radiological 
criteri a used as safety indi cators for long- term was te 
management situations. The information given in this Table 
should be used with great caution, since a short summary 
cannot represent a fair description of each national situation, 
and because several national regulations are expected to be 
revi sed soon to take into account the emerging experience 
in thi s fieW. ln add ition, ji'oll1 a safety standpoil/t, the 
differences which may be noted in the figures adopted for 
national radiological criteria do not in practice correspond 
to different isolation requirements. In spite of the various 
fo rmulati ons used, radiolog ical criteria are therefore 
essentially equivalel/t in ail cOLliltries and prol1wte similar 
long-term s(if'ery levels. 

The US criteria represent the excepti on cOl1lpared to the 
approaches used in ail the other cou ntri es which consist 
essentiall y of a simple individllal dose or risk indicator. 
These cou ntri es have practically no oth er quantitative 
l1leasure forl1lali sed in their regul ati ons to assess future 

c 
'iS 
0.. 

V) 

«. 
V) 
LU 

"" Z 
LU 

2i 
"u; 

~ 
2 
'8 
0.. 
~ 

~ 
o 

U 
IIi 

'6 
Q) 

Li 

U') 

z 
Q 
z 
a:: o 
c 
Z 
c( 
U') 
~ 
U 

~ 

~ 

NEA 1993 t~l 



10 NATIONAJ.Ï REGULATORY APPROACHES FOR tUGH-LEVÈL WASTE DISPOSAL' , 
~~ k.~ Mif! ;;&;;ililiIW%l;Lh. fi \il,J",;hi:&iw'i % ",hLillh ",uA" d !I.IK*~~::;:1L ~_"". "~f~ ~ ",8; __ ~'" 

en 
Z 
Q 
z 
a:: 
o 
Q 
Z 
ca: 
en .... 
u 
~ 

Country 

CANADA 

FRANCE 

GERMANY 

THE NORDI C 
COUNTRIES 

SPAIN 

SWITZERLAND 

UNITED 
KINGDOM 

UNITED ST A TES 

EPA 

NRC 

Quantitative Criteria/Recommendations for HLW 
and Long-Lived Waste Disposai (Summary table) 

Main Criterion 

Max, indiv. risk obj. 
10 6/year 

Indidua l dose 
<0.25 mS v/year (for 
norma l evolution 
scenarios) 

Ind idual dose 
<0.3 mSv/year 
for a il reasonable 
scenari os 

Ind ividual dose 
<0 .1 mSv/year for 
normal scenarios 
(0. 1 mSv/year ri sk equi v. 
used to assess unlike ly 
d isrupti ve events) 

Individua l dose 
<0.1 mSv/year 
Indi vidua l ri sk 
< IQ"'/yea r in any situati on 

Indi vidua l dose 
<0 .1 mSv/year a t any time 
for reasonably probable 
sce nari os 

lndi vidua l ri sk < 1 0·6/year 
without ALARA 

OR 
Indi vidual ri sk < 1 O"/year 
if ALARA 

Limits of cumul ative 
releases of radi onuclides 
over 10' years 
based on health impac t 
on population 

Minimum leve l of per
formance for 
- waste package 
- engineered barrier 

syste m 
- groundwater tJ'avel time 

Other Main Feature(s) 

- Period of lime for 
demonslrating: 10"y 
- No sudden & dramatic 
increase for time> 1 O' y 

Peri od of time for 
de monstrating: at 
last 10' y 
- Arte l' 1 O' y, same refe
rence basis, but more 
qualitati ve estimates 

Calculations limited to 
- 1 D'y but isola tion 
potenti al beyond may be 
assessed 

- Calcul.up to reasonab ly 
predictable time period 

- Add itiona l constraint 
based on natura l "acti vity 
inflow" considera tions fo r 
very lo ng tre m 

- Simpler reference cal
culations after 1 O"y, 
poss ibly constrained by 
radionuclide re lease 
rates from the geosphere 
(to avoid biosphere 
mode lling 

- Overall prob. limit of 
10.6 fo r scenari os 
like ly ta cause doses> 0.5 Sv 

Other requirements on 
individual dose and 
drinking water 
contaminati on 

Reference 

AECB regulatory 
document R- I 04 ( 1987) 

Règle fondamentale 
de sOreté N°1ll .2.f 
( 199 1) 

Section 45 , para 1, 
of Radiation 
Protection O rdinance 
( 1989) 

(see Ref.8) 
in thi s paper) 

Statement by Nuclear 
Safety Counc i 1 ( 1987) 

Regulatory document 
R-2 1 (1980) 
(to be revised) 

Rad io logical Protectio n 
Objectives for 
Land-based Di sposa i 
of Solid Rad ioacti ve 
Wastes, NRPB 1992 

40 CFR Part 19 1 
( 1985) 
(to be revised) 

10 CFR, Part 60 



exposures and they have no deri ved sub-criteria. ln the 
USA, the approach was fo r the Environmental Protecti on 
Agency (EPA) and the Nucl ear Regulatory Commi ss ion 
(N RC) to develop a system based on primaI} containment 
stand ard slrequirements to limit projected radi onuclide 
releases to the access ible environment fo r 10 000 years. 
The main obj ec ti ve was to limit the coll ecti ve adverse 
hea lth impact of given quantities of spent fuel or high-Ievel 
waste, or alpha-emitting transuranic radionuclides. The US 
National Academy of Sciences is currently in volved in a 
stud y to prov ide findin gs and recomm endati ons on 
reasonable safety standards for high-Ievel radioacti ve waste 
di sposai, as a bas is for the revision of EPA standards and 
NRC regulationsJ

. 

One significant element of thi s di scussion concerns the 
timescales to be considered in a radiological assessment. 
Official regul atory poli cies are relati vely careful in thi s 
respect, refl ecting in thi s area also the ongoing di scussions 
at th e intern ati onal leve l. Form ai requirement s for 
quantitati ve assessments exist up to at least 10 000 years. 
However, at certain times, the level of uncertainty becomes 
so large that quantitati ve assessments in tenns of dose or 
risk are becomin g less and less mea ningful and il is 
recommended that they should be replaced by qualitative 
eva lu ati ons or the use of di fferent reference safe ty 
indicators. 

About th e use of diffe rent indi ca tors, th e rece nt 
recommendations adopted by the Nordic countries8 include 
the fo llowing principle mainl y designed to coyer situations 
after 104 years: "The radionuclides released l'rom the 
repository shaH not lead to any significant changes in the 
radiation environment. This implies that the inflows of 
the disposed radionuclides into the biosphere, averaged 
over long time periods, shaH be low in comparison with 
the respective inflows of natural alpha emitters". 

The Nordic recommendations give some guidance as to 
the practical application of this principle which is not really 
straight fo rwa rd . A refe rence to in flows of natural 
radi oacti ve elements may nevertheless ass ist regulators in 
obtaining a useful indi cati on or perspec ti ve of poss ible 
changes in future environ mental radiation fields due to 
waste management practi ces. 

Fin all y, it is also necessary to mention th e ICRP 
optimisation principle, or ALARA, and its significance in 
reg ul atory requirements fo r long-li ved was te di sposaI. 
While it is specifica lly quoted in every regulatory document 
and remains valid in theory, the ALARA principle seems to 
be of limited practi cal use for long-term situations. Detailed 
qu antitati ve optimi sation attempts are al ways severely 
constrained when they deal with the long-term and they do 
not usuall y prov ide reli able in fo rmation for deci sion
makin g processes on hi gh-I evel and long-li ved waste 
disposaI, mainl y because of the ex istence of signi ficant 

uncertallltles. Rather than the application of the ALARA 
principle, in a strict radiological protection sense, what is 
often advoca ted is a judge mental and qu alitative 
optimi sati on in th e deve lopment of detail ed repos itory 
des ign options and in the se lec ti on of repos itory sites, 
showing that reasonable efforts have been made to consider 
the various means avail able to reduce potential exposures in 
the long term. 

TECHNICAL CRITERIA 

Another and complementary way to promote long-term 
safe ty is to include tec hni ca l des ign and si te selection 
requirements in reg ul atory doc um ent s. Ail nati onal 
approaches do include such requirementsJ89 foc using on the 
iso lati on requirements. However, they are essenti all y 
qualitati ve, expressing the need to consider each design and 
geological setting on the basis of its own merit. They also 
preserve a certain degree of tl ex ibility for the implementing 
age ncy to deve lop what it may co nsider as th e mos t 
appropri ate iso lati on sy tem, give n a broad ran ge of 
conditions. The approach is therefore not prescripti ve, 
except to some extent for the particular set of containment 
criteria adopted in the USA. Even in the USA case, which 
includes sub-system requirements for the waste cani ster and 
the underground water travel time to the nearest accessible 
environm ent, such constraints are not supposed to be 
completely rigid. In fac t, it is perhaps more appropriate to 
talk about guidance and procedures to be fo llowed in thi s 
area to achi eve safe ty, th an about st ri ct reg ul atory 
requirements as such. 

Technical criteria usually coyer: 

• the selection of an appropriate site, with bas ic, and 
sometimes more, requirements concerning geo logical 
stability, hydrology, geochemistry, depth and dimensions 
of formations, possible presence or proximity of minerais 
or other resources, etc.; 

• the design of th e multibarrier sys tem and th e 
characteristi cs of its various components: the waste form, 
the waste canister, the buffe r and the near-field materials; 

• redundancy and qua/ity assurance aspects. 

Ail regulatory approaches recogni ze the absolute need for 
sit e-s pec ifi c and integ rated safety assess ments and , 
therefore, for a fundamental and detailed understanding of 
the proposed disposai systems. They are actually designed 
through the procedures foreseen for systematic checks and 
independent rev iews at ail stages of the development, 
construction, operation and closure of disposai facilities, to 
promote th e buildin g-up of spec ifi c safe ty cases 
corresponding to the state-of-the art in the many scientific 
di sc iplines involved. 
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ln conclusion, the analys is of ex isting radiological and 
techni cal criteri a fo r waste di sposa i reveals somew hat 
di ffe rent choices at nati onal leve l in their formulati on, 
However, ail criteri a share the same general bas is and 
correspond to a more or less identical safety approach: no 
expos ure for ve ry long timescales and future potenti al 
exposures at levels which would be compatible with today's 
radiological protection standards, 

MULTIPLE BARRI ERS 

~ 

convincing safety case and in following the fOl'mally agreed 
procedures. But , he ca nn ot be ex pec ted to prov ide 
unchallengeable ev idence on every choice made fo r data 
sets, models, expert judgements, design options, and on full 
correctness of ail the assumptions made. The long- term 
evolution of the di sposai system is inevitably assoc iated 
with a certain degree of uncertainty and the regul ator is 
faced with it , just th e same as the impl ementer. The 
development of the regulator's own technical and scien ti fic 
experti se in performance assessment is therefore important . 

Regulatory approaches have to cope with thi s di fficul t 
situation and the following needs, which are common 10 ail 
countries, have been identified in thi s respect: 

l!! 
Jl • development of guidance for the preparation of a li cence 
11 appl icati on, i ncludi ng operati onal and post -operati on ,: 

_ ~; aspects; 

o • reg ul ators' parti cipati on in the di ffe rent phases of a 
Vl 

~ repos i tory development, i nte rac ti vel y and iterati vely, 
il notably during 

L-____________________________________ ~ u 

MuJtilpe harriers help prevent radioactive material fram 
ever reaching man or the envÎronment, 

COMPLIANCE ISSUES 

ln a final li censing exercise, the results of an assessment 
desc ribing the expected perform ance of th e proposed 
repos itory have to be eva luated in the co ntex t of the 
establi shed reg ul atory criteri a. ln ge neral, the bas ic 
approach used to assess the long- term behaviour of an 
underground repository is Im'gely independent of the type of 
safety criteria used. lt consists in a critical and systematic 
rev iew of a li cence appli ca ti on fil e prov ided by the 
implementing agency and submitted to the reg ul atory 
authority about a spec ific radioacti ve waste disposai system. 
The appli ca ti on fil e should be based on a detail ed 
qu antitati ve assess ment show in g th at perfo rm ance 
predictions meet safety criteria 10, including; 

• a documentation of methods , models and data used in 
calculations; 

• a description of inherent limitations (e .g., model 
validation) and uncertainties (e.g., on data) and , when 
possible, relevant quantitati ve estimates of their poss ible 
impact on the partial or overall results of the assessment; 

• a critical discussion and c/ear presentation of the results, 
using ex perimental and natu ra l ev idence (analogues) 
whenever poss ibl e, with the purpose of buildin g 
confidence. 

Clea rl y, an impl ementer has to be as spec ifi c and 
ex hausti ve as poss ibl e in hi s attempt to es tabli sh a 

- site selection and eva luation 
- repository design 
- li cence preparation and application; 

• development of an in-depth understanding of the proposed 
system at the regulatory level; 

• transparent and easil y understandable reg ulatory rev iew 
procedures, to assist in convey ing results to non-ex perts; 

• peer review processes and quali ty assurance mechanisms. 

ln practice, the regul atory review process is expected to 
star! at the initi al stages of a national programme, to fo llow 
R&D prog ress, to enabl e interim tec hni ca l or poli cy 
orientations/decisions during the course of the programme, 
to allow for a certain flex ibility in dealing with technica l 
alternati ves, and to be as objecti ve and rigorous as poss ible 
in the evaluation of the long-term risk assessment provided 
by the applicant agency. 8ased on the experience already 
ava il abl e in a few co unt ries , th e co mpl exity of the 
reg ul atory process militates in favo ur of a continu ing 
dialogue between th e impl ementer and th e reg ul alo r. 
Without losing its independence and its credibility, the 
regulator should be in a pos ition to sati sfy himself with the 
quality of the work presented by the implementer, both 
directly by following it through very closely, and indirectly 
by doing his own verifications, using, for example, ''robust'' 
models and conservati ve assumptionsi ll

. 

Considerable help in this area comes from international 
co-operation. In particul ar, in 199 1, fo ll owing ex tensive 
reviews at the international level, the NEA, IAEA and CEC 
publi shed a joint statement , ca ll ed an In te rn at ional 
Collecti ve Opinion, on the state-of-the-art concerning the 
evaluati on of the long-term safety of radi oac ti ve waste 
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di sposa l". This Collecti ve Opinion, -w hich was endorsed 
by the competent committees of the three organi sations 
composed of both implementers and regulators, put the 
probl em in perspecti ve and concluded with the necessary 
precauti ons th at "appropriate use of safety assessment 
methods, cou pIed with sufficient information from 
proposed disposaI sites, can provide the technical basis 
to decide whether specifie disposaI systems would offer 
to society a satisfactory level of safety for both current 
and future generations". 

A recurrent theme throughout thi s Collecti ve Opinion 
was the constant need for intepretation and judgement in the 
safety evaluation of waste repositories. This is a significant 
complication, in particul ar when legal arguments are made 
and have to be reconciled with technical realities. The joint 
Co ll ec ti ve Opinion and other internati onal documents, 
which put a large body of peer- reviewed in formation at the 
disposai of national authorities, may help them, not only at 
the technicallevel, but also in their dealings with politicians 
and the general publi c, as objec ti vity, transparency and 
good communication are essenti al prerequisites for progress 
in thi s area. 

FINAL REMARKS 

ln spite of their relati vely recent and evolving character, 
national regulatory approaches for the isolation of hi gh
level and long-li ved waste in deep geological structures 
offer already today we ll-established li censing frameworks. 
Criteria exist in most countries which promote safety levels 
in the long-term comparable to what we would expect for 
ourselves. They are re lati vely general, but use the same 
radi ological protec tion bas is, and are consistent in their 
objec ti ves . They appear fl ex ibl e enough to make it 
poss ibl e to implementers of waste di sposa i systems to 
select the options which they consider the most suitable. 
Several countries have announced that they would soon 
review their respecti ve criteri a. The main reason fo r such 
revisions seems to be the desire to adopt criteria that may 
be better suited tothe long-term safety evaluation context 
and the compliance demonstrati on process, without, of 
course, reconsidering the safety leve l to be ac hi eved. 
Forthcoming revisions look, therefore, more a matter of 
presentati on than a question of substance and safety. 

The regul atory process itself is we il understood and 
st ructured in adva nced countries, with many steps and 
independent reviews foreseen. As in other nuclear safety 
areas, a performance assessment and safety culture has 
rapidly developed and the methodologies available are now 
relati vely reliable. A key element is the conduct of well
structured and documented site-specific safety assessments. 
Whereas long-term safety assessment tec hniques are 
avai lable, an important part of future work is the collection 

and interpretation of field data for the characteri sation of 
potential repository sites. Safety assessors and regulators 
do need such site-specific data to come up wi th results 
which are sufficiently representati ve and credible. 

Inevitabl y, the safety of long- li ved waste di sposai will 
have to be demonstrated by predi cti ve modelling. This 
may be considered as a handicap as no direct ev idence of 
compli ance with safety obj ec ti ves can be prov ided. In 
addition to thi s challenge, the regul atory requirements 
establi shed for nuclear waste have been made extremely 
stringent. The CUITent indicati ons are, nevertheless, that 
they can probably be complied with. The continuation of 
R&D programmes and the study of pending issues, such as 
the ques ti on of human intrusions at di sposai sites and 
vari ous aspects of institutional control , are ex pected to 
contribute to reinfo rce the fee ling of confidence which is 
already widely shared in thi s fi eld by speciali sts at the 
intern ati onal leve l. Hopefull y, the exampl e of the 
regulatory approaches developed for the di sposaI of nuclear 
waste will eventuall y trigger a similar profess ional and 
responsible approach in other environmental protec tion 
fields, where long-term issues have not yet been recognized 
to the same extent. 
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TEACHERS AND NUCLEAR ENERGY: A NEW DEAL? 

~ 
wo years have elapsed since the Seminar which the OECD Nuclear Energy Agency (NEA) organised in Engelberg 

(Switzerland) on the topic of Education and Nuclear Waste. This meeting, the first of its kind at internationallevel, 
was the starting point of several international follow-ufJ activities, notably the setting-up of the International 

Alliance fo r Education in the field of radioactive waste management, under the sponsorship of the US Office of Civihan 
Radioactive Waste Management, and the International Seminar on Teachers and Nue/ear Energy, which the NEA organised 
in June 1993 in Oxford, in the United Kingdom, in co-operation with the British Nuclear Industry Forum. 

This artie/e focusses on highlights of the meeting, which was attendul by some 60 specialists (teachers, curricula 
developers, tcc/chers' associations, information specialists from governm.ental nuclear agencies and the nue/ear industry) 
from twe/ve OECD countries. 

TECHNOLOGY AND SOCIETY 

Today's society has become highly dependent on increas ingly complex technologies, and no one is capable of knowing -
and understanding ail the implications of this phenomenon. Knowledge has now been split into a multitude of individual 
competences and, although ways of exchanging it between groups have been considerably di versified, it is becoming more 
and more difficult for individuals to recombine this split knowledge in order to syntheti ze its scientifi c, technical, social, 
economic and ethical implications. 

Modern society is combatting ignorance as a way to minimi se misunderstandings between social groups which can 
ultimatel y affect national decisions on key issues. Individuals need to learn so as to be able to understand, pass judgment 
and, finally, pl ay their part in the decision-making process. Indi viduals themselves show increasi ng moti vati on for 
understanding issues which concern them directly in their personallives. Dr. Brian Wynne, of the University of Lancaster 
in the United Kingdom, says that: "The public uptake of science is not based upon intellectual capability as much as socio
institution al factors hav ing to do with social access, trust, and negotiation as opposed to imposed authority". This is a point 
to be kept in mÙld because nuclear energy does have a number of implications for our daily Iife, and has prec isely to do not 
only with science and technology, but also with trust and social access. 

These broad considerations high light the central responsibility of the education system and the teachers, in particular, for 
preparing younger generations to deal with the complex issues of modern society, for stimulating their search for facts and 
developing their sense of criti cal analysis. What is said in schools, by whom and how, is vital in fOl'ming views on the role 
of science and technology in society. This is the case, of course, for nuclear energy which has been - and continues to be - a 
matter of intense debate in public circles, due to the scientific complexity of the phenomena involved and the strong 
emotional connotation of the subject in the public mind. School is therefore a pri vi leged place where the subject of nuclear 
energy may first be encountered, not only through teaching of indi vidual scientific disciplines such as phys ics, but also 
through the convergent teaching of other complementary di sciplines, such as economics, or social sciences. 

An international survey conducted in 1992 by the Japan Atomic Energy Relations Organi zation (JAERO) has cast some 
Iight on the part education plays in Europe and Japan regarding energy and environ ment for students in upper secondaI} 
schools, as compared to other sources of information. The Table shows that the United Kingdom, Sweden and Switzerland 
are leading in this respect. But, of course, teachers themselves must be willing and adequately prepared to play this key 
role. Regarding nuclear energy, we can only note that, today, teachers' training in OECD countries is insufficient both as 
regards basic knowledge and methods to come to grips with the subject. 

Except for sc ience teachers, little or no information on nuclear energy is given to secondary school teachers during lheir 
initi al profess ional training. It is therefore only through additional training during their professional life and through 
information provided, inter alia, by the nuclear industry that teachers can be sufficiently prepared to deal with nuclear 
energy in the classroom. In addition , global , synthetic information is seriously lacking, which would help teachers to 
approach a di scussion on nuclear energy from a wide perspective and do just ice to its many interrelated aspects: scientifi c, 
technical, economic, social, hi storical or ethical. 

Faced with thi s challenge, it is c1ear that the l'ole of the teacher is quickly evolving, if only because "the context of 
teaching is as important as the content". 

*MR, JACQUES DE LA FERTE 15 HEAD OF EXTERNAL RELATIONS AND PUBLIC AFFAIRS OF THE NEA. 
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HELPING TOMORROW'S VOTERS TO FORM THEIR JUDGMENTS 

Several decades ago, ci vic education was taught routinely in secondary schools. While the background has changed, the 
need to prepare tomorrow's ci ti zens to act in a responsible way when a choice of policies is put to vote remains strong 
indeed. This mi ssion continues to fall essentiall y on the teacher, also when various aspects of different technological 
options such as nuclear energy must be weighed and their multiple impacts on society di scussed. 

ln such cases, and the subject of nuclear energy first comes to mind, the role of teachers is changing. The teacher must 
now be prepared to act rather as the moderator of a group di scussion, where pupils will assert their ideas and debate their 
po ints, sometimes leading to controversial positions, than as a traditional source of knowledge. The teacher's role is to 
encourage pupils to in ves ti gate, to debate, to put facts together with ideas, and help them to reach a well-founded 
conclusion. As to the sem'ch for in formation, it is now customary for pupil s to co ll ect it essentiall y on their own with Iittle 
ass istance from others. 

RAISING THE MOTIVATION OF TEACHERS 

To assist teachers in ful filling this new role, their training and information must first aim at raising their own interest level 
and motivation for approaching the subject of nuclear energy in their classrooms. In other words, their training must enable 
them to identify more clearly the relationship between nuclear energy and their own social and cultural environment in their 
day- to-day li ves. The Oxford Seminar offered several interesting examples in thi s respect. One of them puts in parallel the 
level of complex ity of nuclear energy technology with that of other more familiar technologies such as radio, television, 
personal computers, and the role of electri city in day-to-day Iife. In another example, the attention and interest of teachers is 
drawn to the fact that nuclear fiss ion is based upon natural phenomena which find their place in man's every day 
environment, and the sun is a kind of "nuclear fu sion reactor" and a source of radiation. The incenti ve to open a di scussion 
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An inlernationa/ survey showed the importance ofschoo/s as sources of informa tion on nuc/ear energy. 
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on nuclear energy at school is, of course, very high when it coincides with the development of a nuclear project in the local 
area, where technical, but also economic and social issues are at stake. In each of these examples, the topic of nuclear 
energy may find its place in the broader scope of the discipline for which the teacher is responsible. 

INTER·DISCIPLINARITY: A NECESSARY APPROACH 

Beyond the accommodation of a spec ifie aspect of nuclear energy in indi vidual teaching, the development of a nuclear 
energy education package that can be incorporated wherever appropriate in the school curriculum presupposes that teachers 
of ail di sciplines are prepared to co-ordinate their ac tion. Removing barri ers between di sc iplines, especially fo r a subjeci 
that, in OECD countries, is usually approached only from a scientific standpoint and chiefly in phys ics courses, shouldlead 
to interdi sc iplinary education. Several experiments with this type of co-ordinated approach have already turned out 10 be 
very pos iti ve, espec iall y in secondary schools in the State of Nevada, in the United States, where a deep geologica l 
repos itory for high-Ievel radioacti ve waste is being excavated, and is ac ti vely debated. Aiso of particular interest in thi s 
respect is the rece nt initi ati ve taken by the JAE RO 10 promote th e deve lopment of a cross-curri cul ar model fo r 
environmental and energy education, which includes social studies, natural science and economics. 

TRAINING AND INFORMING TEACHERS 

To be able to face the challenge of di scuss ing broad societal issues in the classroom, teachers require an approp ri ate 
pedagogical training and access to necessary information. There are today a variety of sources avail able to teachers fo r thi s 
purpose. These sources have different characteri stics and their respecti ve contributions are not evenly di stributed. 

Firstl y, there are teachers' supervisary autharities such as Education mini stri es, which must logically be at the root of any 
training and information programmes for teachers. At present, however, they do not seem to be the most acti ve regarding 
nuclear energy. At best, they will delegate their responsibilities in thi s fi eld to associations and other non-governmental 
bodies which have programmes to offer. 
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Ali exhibition al a visitar cenlre near Ihe sile a/a nuclearfacilitv can be a use.fid background la a debale on energy al 
Sc/100 /. 

Secondl y, there is Ihe lIuclear illdust/y, which plays a prominent role as in fo rmation source and conducts teachers' training 
programmes. 

Thi rd ly, let us also mention the specific action of international organisations (OECD Nuclear Energy Agency, 
Commi ssion of the European Communities, International Atomic Energy Agency, ... ), which tends to become increasingly 
relevant, not onl y by encourag ing ex changes of ex peri ence about education on nuclear energy at school, and for co
ordinating nat ional thinking and action, but also through the development of teaching material. The Commission of the 
European Communities has just completed a Teachers' Manual on Radiation and Radi ati on Protect ion which contains 
information and teaching pl ans and has been pre- tested already in five Member States of the European Communities. 

FOR TEACHERS, BY TEACHERS 

But beyond these more or less formai sources of training and information, there is ev idence that it is the teachers 
themselves, those who have experience and know ledge, who can best teach other teachers. The fo rmula "for teachers - by 
teachers" strongly refl ects the desire of teachers to keep their own control of the process, to remain independent, criti cal, 
and to avo id the domination of imposed external inputs. In addition, self-training and informat ion through members of the 
profession allows the possibility of a debate among teachers, whi ch is considered to be a more attracti ve formula than that of 
a fo rmai teaching. The role of teachers' unions is important in this respect. 

The Oxford Seminar noted al so that it seemed important to in volve in this training process teachers who are at the same 
lime researchers in scientific or technicaI areas, who are in close contact with the real world of research. Similarly, Frequent 
interchange among teachers and research circles is necessary for the former to understand the scientific and technological 
world in which they li ve. 

THE ROLE OF THE NUCLEAR INDUSTRY 

What has just been said shou ld not diminish in any way the role played by industry, be it in terms of fin ancial resources 
invested in teachers' training and information, or in terms of source of knowledge provided. It seems that the interface 
between teachers and the nuclear industry is at present evolving towards a balanced partnership, whereby teachers are 
closely associated From the very beginning in the development of teacher training and information programmes, pedagogical 
maleri al and methods proposed by the nuclear industry. 
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It will remain essenti al, however, to carefully check that it is industry which will adapt to teachers' needs and not the 
contrary. 

TYPICAL TRAINING AND INFORMATION ACTIVITIES 
a. o 
Q 
Z Acti vities intended to train and inform teachers on the various aspects of nuclear energy may be categori sed into three 
ca: groups: 

;!! A first group of acti vities invol ves in formation transfer to teachers through conferences, debates, ex hibitions and site 
~ visits, organi sed by the nuclear industry, electric utilities and major R&D institutes. A second group includes development 
u. of supporting material to assist the teacher: teachers' guides and manuals, video games and interacti ve softwares to be used 

on personal computers at school. A third group includes acti vities implying an acti ve parti cipati on by the teachers 
themselves, such as think-tanks, workshops, training periods at industrial plants, theoreti cal and practical training, summer 
uni versities, etc. 

Obviously, it is the combination of two or more elements of the three groups which will provide the appropriate mix 
depending on the cultural environment of the teachers, with greater or !esser emphas is being placed on the theoretica l 
aspects of radioactivity, on eX plaining nuclear technology, and on evaluating its impact on day-to-day li fe. 

In parallel, we can observe that teaching material is also evol ving rapidly in line with general progress in information and 
communication techniques. Priority is given to "user-friendly" handbooks and teachers' guides, interacti ve material using 
PCs and audio-visuals. Greater prominence is al so given to practical, hands-on, demonstration and experimental ki ts 10 be 
used by the teacher as weil as the pupils (e.g. to show the existence of radioacti vity and the means to detect it). 

NATIONAL INFORMATION CENTRES 

In fact, there is already a substantial amount of information and teaching material available in OECD countries in a 
variety of forms and for a variety of objectives, mostly developed by industry, but also by other sources (e.g. teachers' 
professional assoc iations). Unfortunately, teachers are not often aware of their ex istence. Hence the suggestion made at the 
Oxford Seminar that national information centres or reference points be established with a complete co llection of ava ilable 
material for consultation or loans, and that exhausti ve data bases, which could be easily consulted by teachers, be set up to 
allow a quick selection. 

CONCLUSION 

While secondary school systems di ffer from country to country, they ail share a common objecti ve to improve the flow of 
information to students and teach them ways of opening their minds to ail the implications of technological reality. To meet 
these objecti ves in the nuclear energy field, there is no single pedagogic method than can be applied throughout. Each 
country, each school and even each teacher must adopt the most appropriate strategy and adjust it to the field, the curriculum 
and the class. The need for this fl exibility must be emphasized in the course of teacher training. 

The role of teachers at school is constantly evolving to adapt to the need for an inter-di sc iplinary approach to broad 
societal issues at schools. 

It is encouraging to note from the Oxford Seminar that a balanced partnership already exists in some countries between 
teachers and the industry to develop teaching material and methods, and that, in general, teachers have already begun to ri se 
to the challenge of tackling nuclear energy in the classroom. 

To support its action, and on the basis of the lessons !earnt from this international seminar, the OECD Nuclear Energy 
Agency is preparing a video intended for teacher trainers and teachers to encourage them tO become acquainted with the 
education experiments that have been conducted in various countries to tackle the topic of nuclear energy at school in a 
broad context. 
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LONG·TERM SAFETY OF NUCLEAR POWER PLANTS 

N 
uclear Pmrer Plants (NPPs) are gettillg oldel: 
How ta lIl ailltaill and, H'here possible, improve 

their sqfet\' I",hell compared with the requiremellts 
set fo r moderll power reactor systems, are quesrions that 
!JOI'e beell asked by bath operatGl's and regulators fo r some 
."ears. It seems ail appropriate time alld it is the pllrpose of 
this article ta rel,iell ' hall', at ail interllatiollal lellel, these 
qllestiolls are beillg addressed. 

Age statisti cs fo r nuclear power plants around the world 
are shown in Figure 1. There are a number of reactors 
which have now had over 30 years of operation and many 
with over 10 or 20 years operat ion. It is therefore not 
surprising there is world-wide interest in the safety level of 
NPPs of the older generation . They were designed and built 
to di fferent standards and safety concepts when compared 
with the CUITent standards which are applied to a modern 
pl ant. That is not to say, however, that such plants are 
unsa fe. but continued operation can only be justified if it 
can be demonstrated that safety margins remain acceptable. 

ln recognition of thi s situation, many initiati ves have been 
taken by operators and regulators. These ha ve been 
renected in the activities of international organ isations and 
in particular those of the OECD, CEC and IAEA can be 
summarised as follows: 

1. OECD Nuclear Energy Agency 

Under the NEA Committee on Nuclear Reg ul atory 
Activities (CNRA), one of the first tasks was to undertake a 
survey of the approaches by member countries to periodic 
sa fety reviews (PSRs) of the safety of NPPs. ft was 
recognised that there are changing regulations, advances in 
technology, plant backfits and upgrading and component 
ageing - ail of which point towards the need for some form 
of fundamenta l review of the safety status of each plant. 
The CNRA was, however, aware that there was a wide 
variation in the CUITent practices for evaluating the safety 
status of each plant. 

Figure l 
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*MR. JOHN TURNER IS DEPUTY CHIEF INSPECTOR AT HER MAJESTY'S NUCLEAR INSTALLATIONS INSPECTORATE IN LONDON, 
UNITED KINGDOM. HE WAS ALSO THE CHAIRMAN OF THE CNRA TASK FORCE ON SAFETY EVALUATION OF AGEING NUCLEAR 
POWER PLANTS. 
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The objective of the survey was to obtain information 
which would allow each Member country to compare its 
approach to periodic safety reviews with those of the others. 

Aspects addressed in this review covering 13 countries 
representing 357 NPPS included statutory bas is, objectives, 
scope, and relationship to other regulatory activities. 

The survey confirmed that there was a wide variation in 
the scope and depth of PSR s undertaken by Member 
countries, but it concluded that appropriate objectives might 
be: 

• to verify that the ini tia ll y envi saged leve l of safety is 
maintained; 

• to periodically assure that the operational ex perience is 
taken into account to improve safety; 

• to evaillate the design of the plant by comparison with the 
latest safety requirements. 

The review also recognised that most PSRs were already 
a legal reqllirement either as a condition of the operating 
licence or as reqllirement for its extension or renewal, and 
that the scope of PSRs often incillded a review of the plant 
statu s and operational feedback. Frequency of rev iews 
varied but, on average, was arollnd 10 years. 

2. Commission of the European Communities 

At its pl enary meeting (December 199 1), th e CEC 
Working Group on Safety of Thermal Reactors, agreed to a 
work plan conceming periodic safety re-evaluations in 
operating NPPs in CEC countries. 

The fir st phase of the work pl an was to ga in an 
llnderstanding of Member cOllnt ries ' approac hes, and a 
report on th eir findin gs (based on a survey of 7 CEC 
countries) was subsequently Pllbli shed in 1990 [Report Ref: 
EUR 13056] . Ali th ese countri es were found to be 
implementing programm es of safety rev iews for their 
ageing NPPs. 

The second phase of work was to undertake a wider 
rev iew of current practi ces (in 10 European countries) 
building on the experience of the earlier review. The OECD 
survey report was used as a major source of information. 
This work is now complete and wi ll be pllbli shed by the 
CEC at a later date. The need for a best practices Document 
to be developed for use by both licensees and regulators 
with EC cOllntries is being evaluated. 

3. International Atomic Energy Agency 

8ased on the ex peri ence of assessing the VVER 440 
model 230 NPPs, the IAEA developed general guidance for 
undertaking safe ty re-evaluations of operating NPPs 
(endorsed at the IAEA's Safety Conference in 1991). 

Declarations agreed at the 199 1 IAEA General Safety 
Conference included: 

• The IAEA ShOllld initiate a process to de ve lop a 
Common Basis on which the acceptable level of safety 
of ai l operating NPPs built to earlier standards can be 
judged 

• to ensure the completeness of reviews" 

• to ensure implementation of meas ures to ac hi eve an 
acceptable level of safety" 

The IAEA is currently pursuing work at several levels 
throllgh its Divisions of Nuclear Safety and Nuclear Power 
and under the auspices of the International Nuclear Safety 
Advisory Group (INSAG). 

CURRENT NEA ACTIVITIES 

The NEA has now ta ken the work a stage further by 
mak ing the "Reg ul atory Approac h to Maintainin g th e 
Safety Case for Ageing NPPs" the subj ect of a spec ial 
topical meeting held in June 1993 under the auspices of the 
CNRA. The CNRA considered it important and timely to 
bring senior Regulators together to review progress on this 
increasingly important topic, in particul ar: 

• to eva ill ate the ex tent to whi ch th ere is a consensus 
among member co untri es on the safety eva lu ati on 
strategies, building on the earlier OECD work; 

• to reach a consensus between members on what are the 
key aims and objectives of safety evaluations of agei ng 
NPPs ; 

• to refl ect on work being undertaken within the framework 
of other international initiati ves and to conclude whelher 
there is now a need for the NEA (CNRA) to encourage 
member countri es to draw up Regul atory Guidelines in 
the context of safety evaluations of ageing NPPs. 

In preparation for this rev iew the CNRA establi shed an ad 
hoc task force with representati ves from six membe r 
countries llnder the chai rmanship of a representati ve of the 
UK regulatory authority to identify wh ether there are basic 
aims and objectives for the safety evaluati on of age in g 
nuclea r power pl ants. These can th en be used in any 
parti cular country acco rdin g to their ow n lega l and 
administrati ve arrangements. 

It was ge nerall y agreed th at th e safet y case for th e 
continued operation of a NPP is maintain ed by th e 
combination of two acti vities, namely: 
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View of th e Three Mile Island nuclear power plant. 

a) Ongoing Inspection and Assessment 

Operators an d eeg ul ators ass ure th emse lves on a 
continuous bas is that adequate safety standards are being 
maintain ed by mea ns of routin e in spec ti ons and 
assessments. Procedures for plant operation, maintenance, 
inspecti on, radiological protection, emergency prov ision 
and staff training are also reviewed and good compliance 
with these procedures by the NPP operating staff has to be 
ass ured. 

ln additi on to these continuing routine sa fety checks, 
regul ators in some countries also require annual , bi enni al 
safety reviews by the operators which usuall y consider 
operati onal ex peri ence and problems since the last such 
revlew. 

b) Special Reviews 

These are normall y reacti ve, prompted by some event. 
Special reviews are carried out by operators and are often 
required by the regul ator fo ll ow ing any NPP incident 
leading to a potentially dangerous situation. Operators are 

required to implement lessons learnt from slich incidents. 
Spec ifi c examin ati ons are also perform ed foll owing 
signifi cant events at NPPs on a world wide bas is. The 
events at TMI and Chernobyl were particular examples of 
thi s process. Some Reg ul ators also undertake generic 
reviews on the analys is of spec ific topics such as operator 
training, quality and safety of maintenance operations. 

The evaluation of the safety case for a NPP can be seen to 
fall into two parts. Firstly, the assembly of base line data, 
then the evaluation of this information. 

THE EVALUATION OF BASE UNE DATA 

Thi s covers the extent and ava il ability of information 
relating to the pl ant, for example: 

• pl ant drawings and spec ifi cati ons, manufacturing and 
construction records, plant modifications; 

• CUITent operating illies and limits; 
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= · results of maintenance and inspections; 
ct 
Q • staff qualifications, experience and training; 
a. 
::l • radiation dose records; and 

~ • plant performance. 
Z 

THE SAFETY EVALUATION 

This can be divided into three aspects, namely: 

- the evaluation and trending of operational data; 
- the safety analysis of the plant; and 
- the evaluation of CUITent management systems. 

ln support of this work, an operator must ensure that the 
process of feedback of experi ence continues to be we il 
applied; that the level of safety as initially envisaged is, at 
the very least, not impaired; and that the plant concerned is 
thoroughly re-evaluated by compari son with the evaluation 
of CUITent safety requirements and technical goals and that 
effective programmes are in place to maintain safety. 

At the meeting held in June 1993 the members of CNRA 
were supportive of the general approach outlined above. lt 
was noted that there were a number of ways in which the 
safety evaluations could be met dependent upon indi vidual 
countries ' approaches including a combination of a number 
of methods, e.g.: 

• Continuous Reviews (on-go ing surve ill ance, routine 
inspections and audits, reviews of operat ing eve nts, 
an nuai performance reviews). 

• Periodic Reviews (comprehensive assessment of plant 
design, operation and safety analys is carried out at regular 
intervals, PSRs). 

The wo rk on long-term safety of ageing NPPs is 
continuing wi th the objective of producing guidance which 
will be helpful to both operators and regulators dealing with 
the safety requirements of ageing Nuclear Power Plants. 
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Cli lling an old reactor vessel bv arc SCl H·. 

CONCLUSION 

Looking ahead , it is clear that the work on long- term 
safety of age ing nu clear power plants will ha ve to be 
pursued further, with the objective of producing guidance 
useful to both operators and regulators. However. already 
today an international consensus is emerging regard in g 
technical and regulatory requirements necessary fo r the sa fe 
maintenance and continued operation of nucl ear power 
plants. 
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TOWARD A NEW NEA INTERNATIONAL VENTURE: 
THE RASPLAV PROJECT 

U 
nder severe accident conditions, il is important ta cool the debris of the reactor core ta avoid any weakening of 
the remaining fission product barriers. One step of the so-calied "defence-in-depth " is the retention of core 
mate rial in the pressure vesse/. The Three-Mile-Island (TM/) accident demonstrated that this objective could be 

atlained by water remaining within the reactor vessel, combined with long-term water injection ta cool down the debris 
and remove the decay heat, and reduction of pressure. Under even more severe accident conditions, this water would bail 
off and the absence of cooting would thus contribute ta the slumping of the core debris ta the lower plenum of the vessel, 
as happened ta some extent du ring the TMI accident. In this case, external cooting of the reactor pressure vessel is a way 
to remove heat and maintain the primary circuit integrity. 

Bilateral negotiations between the U.S. Nuclear Regulatory Commission and the Russian Research Center "Kurchatov 
lnstitute" regarding a joint research project to investigate in-vessel core debris cooling through external flooding of the 
reactor pressure vessel began in 1991. Given the broad interest in this question among OECD countries, an international 
Project (RASPLAV) to carry out experiments under the auspices of the OECD Nuclear Energy Agency is currently under 
de ve lopment. The research to be covered is of interest with respect to both VVER reactors and certain operating 
Pressuri sed Water Reactors and Boiling Water Reactors, as weil as advanced light water reactors. The proposed Project will 
be the first NEA International Joint Project to be conducted in a non-OECD country, namely Russia, with partnership of that 
country on an equal footing with interested OECD countries. The tests will be carried out at the Russian Research Centre 
"Kurchatov Institute", with theoretical analysis at the Institute for Safety Development of the Russian Academy of Science. 
Both the Kurchatov Institute and the Academy of Science are located in Moscow. 

There is an obvious connection between thi s Project and the joint research performed within the OECD TMI Vessel 
In vestigation Project (TMI-VIP) which examined the nature and extent of the damage to the lower vessel structure with a 
view to determining the margin to failure of the reactor pressure vesse!. The TMI-VIP started in 1988 and finished this year. 

The RASPLAV Project uses prototypical materials (real corium components and vessel steel) in quantities and at 
temperatures representative of reactors. This assists in understanding the chemical reactions, which are very complex, and 
contributes to understanding the natural convection processes. The main experiment will involve 200kg of corium and there 
are supporting smaller scale experiments to study material properties and chemical interactions. 

Several molten fuel structural experiments are planned and the technical objectives include: 

• determining material properti es such as emissivity, viscosity, and density to aid predictions of the volume, the 
compos ition, and the temperature of the core melt; 

• evaluating the interaction of molten core material with the lower head of the vessel and determining the heat fluxes 
imparted to the lower head; 

• ex ploring the effect of scaling, in order to assure that the experimental data will be suitable to validate existing codes. 

Measurements made in conducting the experiments will include melt temperature measurements in the RASPLAV 
furnace and in the vessellower head as weil as heat flux measurements. 

The information from the RASPLAV Project will complement the database obtained from other experiments and projects 
that provide information related to reactor vessel failure, such as the Swiss PSI CORVIS experiments, the OECD TMI 
Vessel Investigation Project and the FARO experiments at Ispra. 

It is believed that there are substantial benefits in expanding the current programme of the Kurchatov Institute into an 
OECD project, for the following reasons: 

• the OECD countries participating in the Project will obtain important experimental data on the behaviour of core debris in 
vessellower heads, and on cooling of core debris by external cooling of the vessel; 

·" DR. ALEX MILLER IS A MEMBER OF THE NEA NUCLEAR SAFETY DIVISION. 
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• the technical programme wi ll be significantly improved by involving the international community of experts; 

• increased financial resollrces will al low a better experimental programme that can be done on a reasonable schedule; 

• the RlIssian experts will gain substantial experi ence in dealing with OECD cOllntries; 

• the OECD cOllntries will obtain benefit from the expertise ava ilable in RlI ss ia. 

Preparatory meetings have been held at OECD in Apri l and July 1993 with Russian experts and ail OECD cOllntries 
with Pressuri sed Water Reactors. The NEA secretari at has been charged with the setting up of the project, which is 
intended to be started at the beginning of 1994. The budget will be US$ 5.45 million in total , over a three year period. 
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The research ta be cavered by the Rasplav Praject is relevant ta bath western type light water reactars and VVE!? 
reactors, such as that at the Paks ni/clear pawer plant in Hungary. 
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VALIDATING ACCIDENT CONSEQUENCE 
ASSESSMENT CODES 

INTRODUCTION 

1 ncrea sin g use is bein g made intern ati onally of 
qu antitati ve ri sk assess ment as an input to the 
evaluation and improvement of safety, both for nuclear 

and other types of installations, The nature and extent of 
th e risk assessment perfo rm ed may vary considerabl y 
according to its intended purpose. At one extreme it may be 
limited to qu anti fy ing the probability with which major 
damage may occur to a fac ility; at the other ex treme a 
comprehensive assessment may be made of the health and 
environm ental ri sks prese nted by an in stall ation . 
Assessments of the latter sort are more common in those 
countri es whi ch have deve loped quantitati ve guidance or 
targets fo r nu clea r and /o r oth er install ati ons that are 
expressed in terms of ri sk to health. 

With such an in creas in g use of quantit ati ve ri sk 
assessment in the evaluation of safety, greater attention has 
been given to, and demands placed on, the reliability of the 
methods used and the inherent uncertainty associated with 
their predicti ons. ln thi s context, the Commi ss ion of the 
European Co mmunities and the OECD Nuclear Energy 
Agency (NEA) initiated in 1991 a study to compare the 
predictions of probabili stic consequence assessment (PCA) 
codes which are used in certain probabilistic safety analyses 
and are concerned with the estimation of the health and 
environmental ri sks from postul ated acc idents at nuclear 
in stall ati ons. Th e initi ati on of thi s compari son was 
particularl y opportune in that a number of new PCA codes 
had been developed in the late 1980s and early 1990s. 

OBJECTIVES 

The main obj ec ti ve of the study was to compare the 
predictions of participating codes for a range of postulated 
acc identai releases and to assess the significance of any 
diffe rences observed. However, a number of other key 
objecti ves were established. It was considered important 
that the exercise should contribute to code quality assurance 
programmes and guide future research and development. It 
was also expected that the study would fac ilitate interaction 

*MR. CHRISTER VIKTORSSON WAS UNTIL JULY 1993 A MEMBER 
OF TH E NEA RADI ATIO N PROTECTIO N AND RADIOACTIV E 
\V AS TE MANAGE MEN T DI VISIO N. DR. W. NIXON (U NIT ED 
KI NG DO M) AN D DR. G.N. KELLY (C OMMI SSIO N OF TH E 
EU ROPEAN COMMUN ITI ES) WERE BOTH MEMBERS OF THE 
NEA/CEC GROUP WHICH PREPARED THE INTERCOMPARISON 
EXERCISE. 

betw ee n code deve lopers and code use rs, includin g 
reg ul ators, and as such would enh ance the gene ra l 
appreciation of the usefulness of PCA codes and perhaps 
enco urage the harmoni sati on of meth ods where 
appropriate. A final objecti ve was to prepare a report on 
the study which would represent a major landmark in the 
ri sk assessment field. 

TECHNICAL SPECIFICATION 

ln order to perform the study, a detailed specification was 
drawn up . Popul ation , ag ri cultural produ ction and 
economics data for the region of interest were constructed. 
Information on vari ous countermeasures were al so 
prepared; four different meas ures were con sidered: 
sheltering, evacuation, relocation and food banning. This 
inform ati on included criteri a for counterm easures 
impl ementati on, e.g . thres holds for foodb ans. Data 
characterising a nuclear reactor were also prepared. This 
included the inventory of radionuclides of the system and 
the characteristics of the postulated accidentai releases (e.g. 
the amounts of each radionuclide released, th e release 
duration, the energy content of the release, the physico
chemical fOrITIS of the released materi al). The 
characteri stics of the postulated releases covered a wide 
range and were chosen to provide a ri gorous and 
comprehensive test of the main features of the participating 
codes. For ex ample, some of the postul ated releases are 
characteri sed by a very short release duration, around one 
hour, others are spread over much longer timescales, up to 
one day, while some comprised a few di screte phases. 

RESULTS 

Seven codes from various countries participated in the 
exercise: ARANO (Finland), CONDOR (UK), COSYMA 
(CEC), LENA (Sweden) MACCS (USA), MECA2 (Spain) 
and OSCAAR (Japan). They calculated a wide range of 
consequences, for example: collective doses, early and late 
health effects, economic costs and the effect of 
countermeasures on people and agriculture. ln each case, 
the probability di stributions predicted by the codes were 
compared. 

As expected, in view of known modelling and other 
characteri sti cs of these codes , there were differences 
between the consequences predicted by the various codes. 
The magnitude of the variations between code predictions 
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depended on the particular consequence endpoint being 
considered. However, with few exceptions, the spread of 
predictions was within a factor of a few. This spread is 
small in comparison with the overall uncertainty associated 
with the estimation of ri sk from postulated acc idents at 
nuclear installations (i.e. including the estimation of the 
probability of a release, the characteristics of the released 
material and th e res ulting consequences). While of 
scientific and technical interest, the observed differences 
are not, therefore, central to decisions on the acceptable use 
of any of the participating codes within a complete risk 
assessment. Additionally, the spread observed between 
predictions provides little, if any, insight into the magnitude 
of the inherent uncertainties assoc iated with the predictions 
of the participating codes. These inherent uncertainties 
were not addressed in this exercise. 

Two of the code systems, COSYMA and MACCS, are 
used by several in st itutes and, in a parai lei exercise, a 
comparison was also made between the predictions of users 
of the same code. Differences were observed between the 
respective predictions and these were either resolved or 
explained; they arose, mainly, from differing interpretations 
and simulations of the specification. As a direct outcome 
of this exercise, international use r groups have been 
established for COSYMA and MACCS, which should 
greatly enhance their reliable appli cation and provide an 
effective forum for exchange betwee n PCA code 
developers and users. 

CONCLUSION 

This major exercise has provided a valuable opportunity 
to compare approaches and methods for probabili sti c 
consequence analysis from man y organisations and 
countries throughout th e world. The principal aim of 
comparing the predictions of these codes and assessing the 
significance of differences observed under a wide range of 
conditions has been achieved through the development of 
comprehensive technical specifications. 

As noted earlier, the results from the comparison process, 
where spreads of predictions covering a factor of a few are 
typical, are considered to represent acceptable agreement, 
in the light of general uncertainty leve ls in th e overall 
assessment of ri sks. 

Through the development of comprehensive benchmark 
specification, the exercise has served to enhance the quality 
assurance aspects of the participating codes. The exercise 
has also provided a valuable forum for di scuss ion on 
various approaches to PCA model and code development. 
This has increased the ge neral awareness of the 
app l icabi 1 i ty of these methods and has faci 1 itated the 
process of international harmonisation. 

A group o/nalional experts was convenu/ by the NEA ln 
compare approaches and methods for probabilislic 
consequences ana/vsis. Meeting held in Madrid. Spa in, 
April/993. 

The results of the exercise, along with the interac tions 
between the various participants, have also led to a number 
of suggestions for future developments in the field. The 
developments suggested include: obta inin g a better 
understanding of uncertainty, ex tending the relati ve ly 
simple agricu ltural countermeasures currentl y modell ed, 
improving the estimation of economic costs and clarifying 
an ambi guity in the current modelling of ea rl y hea lth 
effects. Additionally, with the increasing use of PCA codes 
by many insti tutes and organisations, it is recommended 
that greater attention be given to providing appropriate 
documentation and training to ensure the proper use of the 
codes. The creation of user groups for particular codes will 
assist in thi s respect. 

The res ults of the study have been co mpil ed in four 
reports: an overview report which is intended for non 
spec iali sts in PCA who may use the results from such 
assessments as an input to their decisions on safety; a 
detailed technical report which is intended for speciali sts in 
PCA and which contains the detailed result s of the 
comparison; and, two reports, intended for PCA code users 
and speciali sts, which contain the results of compari sons 
between multiple users of the same code. These last two 
studies, while strictl y not comparisons between codes, were 
particularly important given the wide distribution of some 
PCA codes and the ex tensive use being made of them by 
manyorgani sations. 

This comparison has made an important contribution to 
enhancing the quality assurance of the various participating 
codes and has provided many insights into their strengths 
and limitations. Ir will continue to provide a va luable 
benchmark for some time to come against which new or 
improved codes can be measured. 
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STEAM GENERATORS: CLOSELY-MONITORED EQUIPMENT 

W 
ithin the OECD Nuclear Energy Agency (NEA), an international working party is specifïcally responsible for 
exchange of information about events relating to the safety of the nue/ear power plants in operation in OECD 

countries. The information is exchanged chiejly through the IRS (Incident Reporting Svstem) set up by the NEA in 
1980 for the pU/pose ofnotifying safety-related events and thereby contributing to the overall improvement ofnuclear plant 
safety in Member countries. Experience with the IRS SOOI/ led the working party experts to examine the behaviour of steam 
generators (SC), these components being specific to pressurised water reactors (PWR): the i/1f'ormation contained in the 
IRS reports showed that steam generator tubes were subject to various rl'pes of degradation on an unexpected scelle and 
ji·equency. 

Two international meetings held by the NEA in 1984 and 1991 had revealed the many different origins of the mechanisms 
causing damage to these components, as weil as their continued increase in spite of the improvements in inspection 
techniques and in our understanding of the faults and fault management. 

11/ June 1992, the members of the NEA Committee on Nue/ear Regulatorv Activities (CNRA) held a broad exchange of 
views on regulatOly issues and experiences relating to SC's and in particu lar on aspects concerning the various types of 
degradation, inspection techniques andfault acceptance criteria, preventive and corrective actian and, fïnally, surveillance 
by the safety authorities. The discussions showed that allhough opinions converged on many points concerning the nature 
of the degradation, inspection techniques, the corrective measures to be ta ken and the role of the safety authorities, if was 
probably too ecn'Iy to draw up joint practices and rules, especial/y since inspection techniques and regulatory policies were 
rapidlyevalving. 

What does a stearn generator look like, what forms does the damage to these components take, what are the risks entai/ed 
al/d ""hat are the implications for the general public and power plant workers and final/y, what steps are being taken ta 
remedy such damage? 

THE STEAM GENERATOR: COMPLEX AND 
SENSITIVE EQUIPMENT 

As at 1 st January 1993, there were 350 pressurised water 
reactors (PWR), heavy water reactors (HWR) and water
cooled, water-moderated reactors (YYER , in Eastern 
European countries) throughout the world (of which 79 
were under construction ). 220 of these (inciuding 17 under 
construction) are installed in OECD countries (180 PWR, 
21 HWR, 2 YYER). Depending on their capacity, ranging 
from a few tens of electrical megawatts (MWe) to 1 400 
MWe for the newest facilities , these reactors are equipped 
with 2, 3 or 4 steam generators. The SG's concerned here 
chiefly consist of a heat exchanger usually having a height 
of over 20 metres, weighing more th an 400 tonnes and 
containing over 5 000 tubes shaped like an upturned U, 
which are made of Inconel 600. These are to be found in 
most PWR's operated in OECD countries. 

During reactor operation , the tubes (d iameter 
app roximate ly 2 centimetres and thickness about 
1 millimetre) are subjected to a wide pressure differential of 
approx i matel y 80 bars and to temperatures in ex cess of 
300°C. The pressurised water in the primary circuit is 
heated in the reactor core then passes through the U tubes, 
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Simplified diagram 
of Pressurized-Water Reactor Operation 

releasing the heat to the water in the secondary circuit , 
which flows around the tubes and is thus converted into 
steam. The steam then drives the turbine, which dri ves the 
alternator to generate electricity. In other words, the two 
function s of heat ex change and separation between th e 
radioactive hot water in the primary circuit and the non
radioactive water in the secondai} circuit feeding steam to 
the turbine are performed by the tubes, which represent a 
considerable surface area and are very thin. 

These tubes are a specific feature of PWR design under 
th e "barrier" concept defined by 
nuclear safety experts. This concept 
is based on the containment of 
radioacti ve products in th e 
installation in order to Iimit their 
di spersal under ail circumstances, 
especially in the event of an ~r-.:::;..~_~-""'!!t.. 
accident, and thus protect 
the public against th e 
consequences of any such 
release. It consists of erecting a 
se ries of leak-proof barri ers 
between the source of radioactive 
products (nuclear fu el) and the 
public. As a rule, there are three ... 
such barriers: the fuel c1 adding, . 
the primary sys tem pre ss ure if3,~ 

_ PRIMARY COOLANT 

c::::::J SECONDARY STEAM 

c::::::J SECONDARY WATER 

c:::::::J COOLING WATER 

boundary and the reactor containment. Consequentl y, 
steam generator tubes provide both the second and the third 
barriers since the steam produced in the SG directly actuates 
the turbine located outside the containment. 

STEAM GENERATOR AILMENTS 

The main tube degradation mechani sms in lnconel 600 
steam generators, which may lead to pi erc in g and even 
steam generator tube rupture (SGTR), include corrosion 
phenomena and mechanica l damage caused by vibrati on, 
wear or migrating Foreign bodies (Ioose parts). 

RISKS ARISING FROM SUCH AILMENTS 

The largest ri sk relating to safety is the 
SGTR (steam generator tu be ru pture) . 
This acc id ent , whi ch is take n into 

~..,.....:iIio.-':~~ acco unt in studi es on des ign 
bas is acc ident s, show s a 
number of specific features. 

It consi sts of a break in th e 
primary sys tem ca using primary 

coolant , whi ch co n tain s so me 
rad ioac ti vity, to enter the seco nd ary 
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Cornputer Graphiefor steam generator replacemenl. 

circuit instead of f1 0wing into the containment. Because of 
the hi gh press ure differenti al between the primary and 
secondary systems already mentioned above, an SGTR 
produces a large primai} coolant leak into the secondary 
circuit of up to 180 cubic metres/hour at the start of the 
acc ident . The primary coo lant leak into the seco ndary 
circuit can lead to direct release of radioacti ve products into 
the atmosphere. The SGTR tri ggers automati c reactor 
shutdown and start-up of the safety injection system. The 
SG concerned by the tube break receives water from the 
auxi li ary feedwater system, which is started up as soon as 

Main tube ruptures or major leaks 

Unit Date Origine 

Point Beach (US) 26/2/75 Corrosion 

Surry 2 (US) 15/9/76 Small bend corrosion 

Doel 2 (Belgium) 25/7/79 Small bend corrosion 

Prairie Island (US) 2/ 10/79 Loose part 

Ginna (US) 25/1 /82 Loose part 

North Anna (US) 15/7/87 Vibration fatigue 

North Anna (US) 25/2/89 Burts plug 

Mac Guire (US) 07/3/89 Manufacturing fa ult 

Mihama 2 (Japan) 09/2/9 1 Fretting fatigue 

Palo Verde 2 (US) 14/03/93 Corrosion 

the safety inj ec ti on begin s, and also fluid 
from the primary leak. This causes the level 
to ri se fas ter th an in th e oth er steam 
generators. If no further action were taken, 
the water level wou Id continue to ri se inside 
the SG until it was full and would then lead 
to the direct release of contaminated water 
via the safety valves to the outside. 

TUBE RUPTURE DIAGNOSIS 

The manage ment of a SGTR does not 
present any special di fficulti es especially as 
far as limiting the radiological consequences 
is concerned, provided the operator makes the 
right di agnosis without delay. He has several 
parameters or crit eria at hi s di sposa i, 
in cludin g th e in creased ac ti vit y in the 
secondary system. 

Worldwide ex perience acquired from incidents has shown 
th at monitor ing seco ndary circuit acti vity is hi ghl y 
important since it gives an early clue for diagnosing a tube 
leak. Consequ entl y, a system has been developed for 
measuring steam acti vity due to nitrogen 16, which is now 
used in most OECD countries. High-performance sensors 
fitted to the steam pipes at the containment ex it ensure early 
detec ti on of SG tube leaks. Thi s meth od also has the 
adva ntage of monitoring changes in leak age rates and 
anticipating any sudden break, so that it is in fac t a highly 
reliable diagnostic too l. 

CONTROLLING A PRIMARY /SECONDARY LEAK 

After identifying whi ch steam generator has sprung a 
leak, the operating team takes immediate steps to minimi se 
any subsequent di scharges by isolating the steam generator 
concerned. The operators do this by closing the main steam 
valve thus cutting off the steam generator from the turbine. 
Th e nex t step is to limit any direc t releases to th e 
atmosphere as soon as poss ible. The water suppl y to the 
steam generator is cut and the bl ow-down system is re
started so that the water level ri ses more slowly. 

Next the primary coolant leak into the secondai} system 
must be stopped while ensuring reactor core cooling. To 
stop the leak, the operator brings the primary pressure down 
as soon as poss ibl e to remove the press ure di ffe renti al 
between the primary and secondary circuits and prevent the 
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ln Fehruary 1991, one steal1'l generator tu he was hroken at Un it N° 2 ofMihama nuc/em' power plant, 

primat} coolant From leak ing, Reactor cooling continues 
via the steam generators not affected by the fault then via 
the res idual heat removal system until the conditions are 
right for opening up the primary system and repairing the 
faulty steam generator. 

Thanks to thi s procedure, the release into the atmosphere 
of low rad ioacti ve steam, mainly containing iodine 131 and 
rare gases, is minimised. As shown by the table below, ail 
major tube ruptures or leaks to date have entailed very low 
releases. 

EXPERIENCE WITH SGTR 

Since 1975 about ten major tube ruptures or leaks at 
nuclear power plants have been reported, By the end of 
1992 , the experi ence acq uired with the different PWR 
systems in OECD countries represented approximately 
2890 production years, Thi s is the only design-basis 
accident where feedback has been successfull y used to 
compare an observed frequency with an a priori estimated 
frequency on the one hand, and measured releases with 
conservative evaluations calculated in acc ident studies on 
the other, and to draw lessons for both ex isting and future 
installations. 

REMEDIAL ACTION 

On the basis of the analyses conducted fo ll owing tube 
ruptures and leaks, lessons have been learnt and measures 
drawn up for the purpose of preventing future degradation 
but also of limiting the consequences of any actual leak fo r 
the general public. These measures co ver both preventive 
and corrective action, monitoring and incident management 
during operation , in-serv ice in spect ion programmes and 
acti vities of the regulatory authorities. 

Preventi ve measures are taken during and after eq ui pment 
manufacturing. One of the most widely applied measures 
for both new and replacement steam generators consists of 
se lec tin g a different material for tube fabricat ion, 
Experience has also shown that a small reduction in primary 
coolant temperature can also limit the rate of propagation of 
degradation phenomena, and several countries have already 
opted for such a reduct ion. Another major parameter is 
primary coolant and secondary chemi stry, both the subject 
of st ri ct control. Finally, chemi ca l clea nin g of the 
seco ndai} side of stea m generato rs is also a very 
widespread practice, both as a preventi ve method and as a 
correcti ve one. 

Corrective measures, which tend to cover unacceptable 
faults and severe failures, chiefl y include plugging, tube 
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Excl/CInge ara Sleal11 generator al Ringhals nucfear power pIanI in Sweden. 

sleev in g and th e rep laceme nt of steam ge nera tors. 
Elec trolytic ni cke l coa tin g is used preventively and 
correc tively. Tube repair techniques are based on safety 
criteria defined by the safety authorities and on the technical 
analyses performed by plant operators. These criteria and 
analyti cal results govern the choice of a suitable solution. 
Steam generator replacement is a very expensive operation 
in technical and in economi c terms but it offers a viab le 
op ti on for ex tending nuclear plant life. Over th e next 
decade more than a hundred steam generators are to be 
replaced in Belgi um , France, Japa n, Spa in , Sweden , 
Swilzerland and the United States. 

PLANT OPERATION 

Monitoring during operati on is based on continuous 
survei lI ance of tube leak tightness. The plll'pose of thi s 
surve ill ance is to prevent contamination of the secondary 
system by detecting tube degradation before the tube is 

ruptured (concept of the leak prior to rupture) and in the 
event of a tube rupture, by identifying the steam generator 
affected as soon as possible. Leak control is therefore a 
major component of in-depth defence. During operati on, 
the max imum acceptable leakage rate is set by the criteria in 
technical operating spec ifications. These spec ifications also 
require a very low level of primai} coolant activity so as to 
limit rad iological consequences in the event of release into 
the atmosphere. 

OPERATOR TRAINING 

ft is esse nti al fo r operators to be weil prepared for 
handlin g any acc ident. Promp t operator res ponse 
determines the extent of any release of radioactive products 
into the atmosphere. Nuclear li censees have therefore held 
information sess ions for their operators and have developed 
spec ifi c fonTIS of operator trainin g for tube rupture 
accidents. As in ail accident situat ions where a procedure 
fo r handling the accident has been draw n up , SGTR is 

c: ., 
-0 ., 
3 

V) 

..E 
c: 
2 
â 
> 
'D ., 
u 

1&1 

~ 
Q 
A. 
:l 
cr: 
1&1 

Z 



32 STEAM GENERATORS: CLOSELY-MONITORED EQUIPMENT 

systematicall y inc\uded in bas ic training modules using 
simulators and also in refresher courses. 

IN-SERVICE INSPECTION 

Shutdow n moni toring measures also form part of the 
requirements under the bas ic preventi ve maintenance 
programme, to enable li censees to maintain equipment 
reli ability and ava il ability. Thi s maintenance strategy 
allows licensees to anticipate potential damage and then to 
defin e suitable acti on, both preventi ve and correc ti ve. 
Chec ks are perform ed durin g in- service in spec ti ons 
according to principles which take into account the various 
types of degradati on identi fied during checks or from 
feedback. 

In-service inspections involve hydraulic or helium leak 
tightness and eddy CUITent testing performed on a large 
number of tubes (several hundred thousand each year). The 
progress made in automati on and co mputer process ing 
means that ail tubes can now be checked without extending 
plant outage and workers are less exposed to radiation in the 
course of the work . Among the other improved techniques 
that are being increasingly used ultrasound tests and video 
inspection methods should be mentioned. 

Fin all y, improved understandin g of deg radati on 
phenomena is a very important aspect fo r licensees and 
safety authoriti es. Li censees therefore have to conduct 
many different expert evaluations and destructi ve tests on 
an ever increas ing number of tube sampi es from steam 
generators. 

tOl NEA Newsletter Fall 1993 

, DESIGN 

Feedback can be used to study further measures in order 
to li mit the consequences of steam generator ruptures in 
steam generators now being operated as we il as in new 
models: use of different mate ri als, improvements to 
intern ai steam generator components and adjustment of 
certain operating parameters. 

CONCLUSION 

Very early on, the precursor problems observed on steam 
generators in nuclear power plants alerted 1 icensees and 
safety authorities in OECD countries to the possibility of an 
SGTR occurring and to the need for preventi ve act ion, 
although it was not yet possible to draw up joint pract ices 
and reg ul atory poli cies. Du ring exchanges of views 
between licensees, constructors and safety authoriti es, 
di vergences of opini on were observed. The tec hni ca l 
approaches, which can be difficult to reconcile, are further 
complicated by regulatory aspects and sometimes also by 
the influence of public opinion. Nevertheless, there are 
man y points of convergence among the various participants 
concerning ways of reducing the probability of such an 
acc ident and of Iimiting its consequences for the general 
public. Sorne of these points include the need fo r th e 
various parties to share operating experience more fully and 
to ensure that thi s ex peri ence is adequately taken in to 
account, as weil as fo r regulatory authoriti es to draw up 
rules and requirements that will take thi s ex perience into 
account. 
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PALEOHYDROGEOLOGY TO HELP EVALUATE WASTE 
DISPOSAL SITES 

P 
aleohydrogeology can be broadly described as "a 
combination of observations on hydrochemical and 
isotopic di fferences in various groundwater zones 

or bodies, mineralogical data on the rock fo rmations and the 
hydraulic properties of the same formations, which are then 
com piled to all ow interp retation of the evo lution of the 
rock-water system over long time periods in the past". 

ln the process of evaluating sites fo r the construction of 
rad ioacti ve waste repos itori es , it is essenti al to ga in a 
detailed knowledge of the hydrogeology of the site and its 
surroundings so as to be able to predict the transport of any 
u ncon tai ned rad ion uc 1 id es from th e repos i tory to th e 
environment accessible to man. These predictions have to 
be made over time periods of thousands to millions of years. 
One of th e key s to a successful assess ment of th e 
perfo rm ance of the site is to assess th e va ri ability of 
hydrogeologic processes that could occur at the site over the 
long time periods. Unfortunately, hydrological testing, in 
the fo rm of pump tests and pressure head measurements are 
do ne over a matter of days or months. This only samples a 
snapshot of the hydrology in geologic terms. Therefore, 
other ways to investigate the variability of the hydrology of 
the site had to be fo und . One method consists in using 
ev idence of paleohydrogeology to assess the past geologic 
reco rd of th e hydrology of an area . In thi s way the 
variability of the hydrology over long periods of time can 
be establi shed. Figure 1 illustrates some of the phys ical and 
chemical processes that paleohydrogeological studies can 
address. 

A wo rkshop on paleohydrogeological studies and their 
applications to radioacti ve waste disposai was organi sed in 
Paris in the autumn of 1992 under the sponsorship of the 
NEA Radioacti ve Waste Management Committee with the 
foll owing objecti ves: 

• to desc ribe methods of deri ving paleohydrogeological 
ev idence and di scuss applications of thi s evidence to help 
develop strateg ies for the characteri sati on of sites for 
rad ioacti ve waste disposai; 

• to ex change info rmation and experience in the collection, 
analys is and application of paleohydrogeological ev idence 
among Member countries; and 

• to ex plore the needs and des irability of future work in 
their area. 

*DR. EDWARD PATERA IS A MEM BER OF THE NEA RADIATION 

Us ing the concept of a paleohydrogeological study, the 
info rmation that can be deri ved from a site characteri sation 
programme includes: 

• major categori es or bodies of water present in di ffe rent 
regions of the geologic environ ment; 

• the residence times ("ages") of these di ffe rent bodies of 
water; 

• the degree of mix ing between the bodies of water and the 
rates at which the mi xing occurs; and 

• the principal path ways for water movement and the extent 
to which these have influenced the overall evolution of the 
ground water regime. 

There are two ways to incorporate thi s information into 
perfo rm ance assess ment s. Th e fir st is to use th e 
information in a contextual sense by demonstrating through 
a paleohydrogeologica l study that there ex ists a we ll
fo unded understanding of the hydrology of the site. This 
understandin g mu st be based on a desc ripti on of th e 
evo luti on of the hydrolog ical reg ime supported by th e 
ev idence acquired. With thi s knowledge, predictions of the 
future evo luti on of hydrogeo logy can be made with 
confidence and can support the simplified anal ys is done in a 
total performance assessment. 

The second way of using paleohydrogeological evidence 
in performance assessment is more direct, more quantitative 
and more challenging. Tt consists in using the information 
to test predicti ve models, ideally under "blind" conditions. 
Tt requires that the modellers receive a limited data set to 
construct and run the model to predict certain parameter 
va lues. These va lues are th en compared to the ac tu al 
measured va lues deri ved from the paleohydrogeological 
studi es. Thi s type of exercise all ows va lidati on of the 
pred icti ve capabi 1 i ti es of th e perform ance assessment 
models. 

Methods of co llec ting paleohydrogeologica l ev idence 
include: 

• the use of microfossils as indicators of paleohydrogeology 
and paleoclimate; 

• natural tracer isotopes such as Sr, Nd and Pb isotopes; 

• stable isotopes such as deuterium and 180 ; 

• inorganic geochemistry. 

PR OTECTIO N AN D RADIO ACTI VE WAS TE MANAGEME NT There is a continuing debate among experts as to whether 
DI VISION. paleo hydrogeo log ica l studi es prov ide the kind of 
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information and understanding of hydrogeologic systems 
that is necessary. Sorne experts express the opinion that 
current studies are not yet able to describe how sites have 
evolved over long time periods. It is recognised that this is 
still an infant science and for it to mature and provide the 
kind of information expected, performance assessment 
modellers will have to develop more refined questions. 

Much discussion also centres on what methods should be 
used and how should the data be collected. There is general 
agreement that careful sampling programmes should be 
planned. For example, to obtain 
representative sampi es, hydrochemistry 
must be do ne rapidly, including gaseous 
sampi es for noble gas analyses. Many 
agree that a variety of methods should be 
applied to solve these problems because 
of the highly complex nature of 
hydrochemical information coupled with ~ 
other types of analyses. By using ~ 

Q) 

multiple methods the ambiguity of the .Ë 

Unloading 

results can be reduced. In addition, ~ 
careful quality assurance has to be ~ 
applied to data collection and the 100is .....: 

""D 

for interpreting results. Care must also § 
c 

be taken to look at entire systems such as ~ 

Compaction 

"-understanding ail of the sources and J? 
u 

sinks for isotopes of interest. z 
'6 

Another major point of discussion () 

JidhS 

Among the major conclusions drawn from the workshop, 
it is worth mentioning that: 

• paleohydrogeological studies should be a central theme 
within site characterisation programmes, and should be 
carefully planned and integrated with the other 
investigations from the beginning; 

• evidence from paleohydrogeological studies are perhaps 
the only way to validate long-term hydrological 
predictions used in performance assessments ; 

~\ . Ice 

Heat Flux 

concerns the l'ole of communications. It 
is recognised that most paleo
hydrogeological studies are being carried 

Schematic illustration of some of the processes and concepts 10 be 
taken into account for carrying out a paleohydrogeological study. 

out independently from performance 
assessment modellers, and from hydrologists. The need for 
improved communications and careful planning between 
the scientist carrying out these studies and the end users is 
of course desirable. In addition, as the general public has 
difficulties to understand the language of isotope 
geochemistry, efforts must be undertaken to enhance the 
communications and thus the understanding of science in 
the public. 

• many ambiguities and problems in data interpretat ion 
remain, which can be reduced by using as man y methods 
as possible; 

• communications between sc ienti sts performing 
paleohydrogeological studi es and the performan ce 
assessment modellers hydrologists, and the general public 
need to be improved. 
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ACHIEVING NUCLEAR SAFETY 

T he NEA recently published a report entitled "Achieving Nudear Safety, Impro vements in Reactor Safety Design and 
Operation " il). which was prepared by MI: S. Rippon, a scientific writta 

Intended for the non-specialist reader, this report reviews the significant efforts that have been made in recent years to 
enhance the safe design and operation of nudear reactors in OECD countries. The reactors in operation today in these 
cOLII/t ries have widely benefited, in large part through international co-operation, from the lessons learned from past 
experience and from the pooling of resources in safety research and development. 

The report shows how these efforts have led to a more coherent and consistent approach to safety, which has gone a long 
way to minimising the risk of major problems with the operation of today's reactors. 

Over the past fort y years, nuclear power plants around the world have c1early established their capability of producing 
large amounts of electri cal energy From remarkably small quantities of uranium fuel. This means that they have opened up 
a very large energy resource which can meet many of our needs for the foreseeable future. Since the uranium fuel needed 
fo r nuclear power plants is readily available from many different regions of the world, there are also few worries about the 
security of supplies. If properly controlled, nuclear power plants produce very low emissions and certai nly have much less 
impact on the environment than more conventional fossil-fuelled power plants. 

How then do we ensure proper control of nuclear power plants so that we can enjoy the benefits? First and foremost, the 
answer is attention to safety of the nuclear reactors at the heart of the plants. Exceptionally high standards of safety must be 
app li ed to the design, building and operation of nuclear reactors. This is an obvious necessity because of the potentially 
very dangerous nuclear process and the accumulation of radioacti vity in the core of any reactor. 

The most widely used types of nuclear reactors are water-cooled designs. This book examines the safety of water-cooled 
reactors in operation in OECO countries, and in particular the progress that has been made in improving their safety in 
recent years. Of the three main types of water-cooled reactors, we will be talking a good deal about pressurised light-water 
reactors (PWRs) since these are more numerous, but the information presented also generally applies to the other types of 
water-cooled reactors in the OECO. Ail the se reactors are much safer today because of a better understanding of problems 
and improved solutions applied over the past decade. 

The paramount importance of safety was, of course, recognised from the earliest days of the peaceful development of 
nuclear energy. Safety was a major element of national and international programmes of research and development. The 
nuclear industry made significant efforts to anticipate and prevent everything that might go seriously wrong without having 
to learn lessons from major acc idents. 

COOLING UNDER ALL CONDITIONS 

One of the essential considerations for maintaining the safety of a reactor is to ensure the removal of heat from the reactor 
core. fn water-cooled reactors, the method of removing heat with a flow of pressuri sed water pumped through the core is 
very effective and in principle quite simple. But understanding exactly what could happen if there is an upset, or transient, 
in the cooling system can be quite complicated. Ouring the development of water-cooled reactors, a tremendous amount of 
research work was devoted to characterising the behaviour of the pressuri sed water systems under different conditions. 
Extensive computer codes were developed to model this thermal-hydraulic behaviour over a wide range of conditions, from 
normal operation through to extreme conditions of postulated accidents. 

A feature of this work in recent years has been greatly increased international participation. This not only helps to pay 
for some of the more expensive programmes of experiments, but also brings a greater body of expertise to the task of 
analysing the results. It has also made it possible to test the ability of computer codes developed in different countries to 
predict the results of experiments on a wide diversity of different test facilities. Scaling fac tors, which are inevitably 
involved wi th some of the physical parameters of experimental tests, can also be checked on a wider range of facilities. As 
a result, ail those involved in this work have a better understanding of the strengths and weaknesses of different computer 
codes and know how and where to use them to best effect. 

*MR. SIMON RIPPON IS A SCIENCE WRITER IN THE UNITED KING DOM. 

(1) "Achieving NucJear Safety. Im provemellls in Reactor Safety Design and Operation" , OECD/NEA, 1993, Paris. 
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Cooling systems for reactors are much more effec ti ve today as a 
result of ail these studies. This is not due to any radical change in the 
basic design of the systems for either normal or emergency cooling, but 
rather to important insights into how they should best be operated over 
a wide range of different circumstances . These are c\ea rl y set out 
improved operating procedures and are regularly practi sed on training 
simulators. Programmes for backfitting spec ific plant modificati ons 
have also been completed to strengthen the weak links th at we re 
identified from the testing and analysis. For example, the reliability of 
the au xili ary pumpin g sys tems, whi ch suppl y fee dwa ter to th e 
secondary side of steam generators, has been upgraded to the full 
safety standards of the primary side equipment in recognition of their 
importance in supporting the main route fo r removal of heat from 
reactors. 

BEnER BARRI ERS 

ci 
~ An overriding objecti ve in reactor safety is to prevent the escape of 
S radioacti vity. A multiple barrier approach has been adopted. The 
al safety features already di scussed are mainly aimed at protecting the u 

~~~~~~=~=~==~~.JüW first of these barriers, namely the nuclear fuel and its cladding, which 
A recent NEA report intended fo r decision-
makers presents th e state-or th e-art in the are very effecti ve in retaining ail the intensely radioacti ve by-products 
.fïe ld o{ nuc/ea r reactor safe ty in OECD that result directly from the nuc\ear fiss ion reaction. Coolant water and 
countries. the primary coolant circuit, as weil as helping to protect the fuel barrier, 

provide an effecti ve second barrier for retention of any radioacti vity 
that might escape from the fuel if it were to be damaged. As a final barrier, a large single-wa lled or doubl e-wa lled 
containment building is provided around the whole reactor plant and is designed to withstand the worst conceivable rupture 
of the primary coolant circuit. 

From the earli est days of reactor development, efforts have been devoted to the first barrier through careful design, testing 
and quality control of nuc\ear fuel fa brication. Exceptionally good performance has been obtained, with typically less than 
one fa ilure in every 100000 fuel rods irradi ated in water-cooled reactors. Work has nonetheless been continued to study the 
Iikely performance of fuel under the most severe conditions that might result from postulated accidents. 

The second main barri el' for keeping in radioacti vity is provided by the primary coolant circuit. Obviously, if thi s circuit 
can retain the highly pressuri sed water coolant, then it will also be an effecti ve barrier for keeping in radioacti vity. The high 
integrity of thi s barri el' depends in the fi rs t place on very high standards of quality in manufacture of the steel components, 
especially the large reactor pressure vessels used fo r light-water reactors. An important area of progress in the early 1980s 
was the development of greatly improved non-destructive testing techniques for pressure vessels and other high-pressure 
steel components, both during their manufac ture and periodically during the service li fe of a plant. But there was still a 
need to say just how good the testing was in order to ensure that the smallest crack that might grow to a critical size could be 
detected we il within the periods of in-service inspections. 

The final barri el' is provided by large containment buldings completely enclos ing the nuclear components of water-cooled 
reactors. Such a containment saved the day at TMI by pre venting any signifi cant release of radi oac ti vity into the 
environment. 

THINKING ABOUT THE UNTHINKABLE 

Improved assurance of containment integrity is one of a number of practical outcomes From a great deal of theoreti cal 
study of severe acc idents. Most of the safety features on water-cooled reactors are intended to prevent any damage to the 
fu el in the reactor core. To assess their ability to do thi s, designers and regul ators pose some challenging "what if" 
scenari os, which are known as design basis accidents. Even before TMI, some serious consideration was also being given 
to extreme situations that mi ght go beyond the des ign bas is acc ident, and since thi s actuall y happened at TMI, more 
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extensive work has been undertaken 
on th e stud y of more seve re 
accidenlS. 

Most of these severe acc ident 
scenari os start with the assumption 
th at th e reac tor fuel has bee n 
damaged, and postulate th e 
progression of acc idents to melting 
down into the bottom of the reactor 
vesse l and even through the vessel 
into the basement of the containment 
building. The important thing is to 
rea li se that ail is not lost. Quite a lot 
co uld still be done to hait th e 
progression and limit the 
conseq uences of such an acc ident 
using the ex isting safety systems, as 
long as they are used in the right way. 
Improved emergency procedures are 
being developed by the operators of 
nuclear plants, and they are expected 
to fo rm an import ant part of th e 
regul ar training of staff. 

Some of the pro/ec/i ve barriers and sale/y fea/ ures of ({ /ypica l pressureel 
wa/er reac/or . 

Another important aspect of severe accident analysis has been a determined effort to specify more precisely and 
realisti ca lly just what sort of mixture of radioacti ve species might be expected to escape to the environment if ail the barriers 
were eventuall y breached. These so-called source term studies seek to characteri se the complex mechanisms of escape of 
different radioactive fi ss ion products from damaged or melting fuel, and to assess the potential for subsequent retention 
within the primal} circuit or the containment. 

ALWAYS MORE TO LEARN 

Learning from each other is arguably one of the most important ways of avoiding accidents in any sphere of acti vity. In 
the case of nuclear power plants, the feedback of operating experience can take place at man y levels: within an electric 
uti lity that operates several nuclear power stations; between groups of operating utiliti es and the manufacturers who 
supplied them with particular designs of plant; to national and international associations of utility operators; and to national 
regulatory bodies and international nuclear agencies. 

International reporting of nuclear operating experience has been greatly expanded, providing a wider body of experts for 
analys is. With more than 420 nuclear power reactors of ail types now operating around the world, the wea lth of operating 
experience is growing rapidly year by year. Entering 1992, the accumulated total of operating experience was in excess of 
6 000 reactor years. The majority of thi s experience is very good and makes an important contribution to assuring safety for 
future operation of nuclear power plants. Another encouraging development among the operating organisations in recent 
years has been an increase in the sharing of both good and bad experiences, so that others can emulate good practices as 
we il as learning from the mistakes. 

At a more technicallevel, international co-operation on safety research and development has always been a feature of the 
nuclear industry, especially among the many countries that have adopted similar designs of water-cooled reactors. Co
operation has taken place between many different organisations at bilateral and multilateral levels. International agencies 
such as the OECD Nuclear Energy Agency, the International Atomic Energy Agency and the Commission of the European 
Communities play an important role in co-ordinating and encouraging such work . In particular these agencies prov ide a 
forum for the review, intercompari son and interpretation of the results of safety research work in different countries. 
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~ MEASURING SAFETY 
C 
A. 
::;) Overall safety of a plant is assured by apply ing a defence-in-depth approach, with several levels of backup systems and 
c:c several protective barriers. They act as safety nets, and extend even to safety systems to prevent holes developing in the 
1&1 safety nets. Redundancy and diversity are used to provide appropriate levels of reli abi lity for the various safety systems. 
Z 

Traditionally, engineers determine the safety of nuclear plants by considering postulated accident sequences - referred to 
as design basis accidents - and by making conservative assessments of the safety margins built into each of the layers of 
protection that are designed to hait the accident sequence. This deterministic approach is supported by knowledge of the 
engineering codes of practice that have been used, the quality control that has been applied and a great deal of testi ng. 

Techniques for assessing the safety of nuclear plants have made significant progress in the past ten years. Notabl y, the 
techniques of probabilistic safety analysis (PSA), in which the statistical chance of success or failure at each step in a chain 
of events is assessed for ail identified accident sequences to provide an overall probability of serious consequences, have 
been greatly refined and are now used as a tool for detailed assessment of specific plants or sections of plants. 

PSA complements, but does not replace, the deterministic approach to safety review which has been adopted by the 
regulatory bodies that are responsible for licensing nuclear power plants in different countries. These regulatory bodies 
require the designers and operators of nuclear plants to adopt a defence-in-depth approach and support it by the application 
of the best engineering standards, redundancy of safety systems, multiple containment barriers, and comprehensive quality 
assurance and inspection at ail stages of design, construction and operation of a plant. 

While regulatory bodies preserve their national independence, they have increasingly recognised the great mutual benefit 
of international ex change of information. Here again the international nuclear agencies are fulfilling an important role in 
providing the forum for exchanges and in facilitating expert analysis on common iss ues. Out of thi s have come 
international standards, codes of practice and safety principles which can be adopted by countries embarking upon nuclear 
power programmes as weil as being a constant measure against which existing national standards can be measured. It is a 
step on the road to international harmoni sation of nuclear safety standards. 

NOT DIFFERENT, BUT BEnER 

Water-cooled reactors operating around the world are certainly safer today as a result of developments during the past 
decade. There have, however, been no radical changes in the design of reactors. Rather, the exhaustive analyses of safety 
have tended to confirm the basic design concepts and safety philosophy that had been adopted from the outset of the civil 
development of nuclear power. Programmes of backfitting on plants have been mainly confined to strengthening safety 
systems at any weak points identified by the improved methods of analysis. There has also been sorne extension of 
protection systems to co ver more severe potential accidents. 

Human performance and the man-machine interface were identified as suspect areas and much has been done to improve 
this situation. This includes more exhaustive training of operators to increase their basic understanding of plant functioning, 
improvements in control and instrumentation systems to give better support to operators, and increased automation of 
essential safety systems. In addition there has been a widespread promotion of the concept of a safety culture which should 
be practised by everybody involved in the design, construction, operation and regulation of nuclear power plants. 

For future nuclear power plants, it is reasonable to ask wh ether we should start anew with reactors designed to offer 
greater inherent safety, with passive protection systems that require minimal mcchanical and human actions to bring them 
into play. On the other hand, it may be better to pursue the evolutionary development of existing water-cooled reactor 
designs, which have the benefit of drawing on the growing fund of worldwide operating experience. Designers are acti ve ly 
working on both approaches and the end result may not be so very different - evolution of existing reactor designs are 
expected to incorporate sorne additional passively operated safety systems, while new designs may still be expected to 
favour the basic water-cooled reactor technology. 
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SITUATION AS OF 31 ST DECEMBER 1992 

At the end of 1992, the total capacity provided by the 320 reactors now installed was 267.2 gigawatts (GWe). Another 
19 reactors (20.0 GWe) were under construction and two (2. 1 GWe) were firmly committed. The total capaci ty of OECD 
nuclear power plants in the year 2000 is projected to be about 296 GWe. The 1.7 GWe of capacity that are expected to be 
retired between 1993 and 2000 are already deducted from these projections. 

(Net GWe) ESTIMA TES OF NUCLEAR ELECTRICITY CAPACITY 

1992 Actual 1995 2000 
COUNTRY 

Nuclear % Nuclear % Nuclear % 

Belgi um 5.5 39.0 5.5 36.4 5.5 34.2 
Canada 13.8 13.2 15.5 13.5 15.5 13.2 
Finland 2.3 18.3 2.3 16.9 3.4 21.9 
France 57.7 54.6 58.5 4.4 64.3 54.4 
Gcrmany 22.5 19.2 23. 1 (a) 19.7 23. 1 19.6 
l1aly 0.0 0.0 0.0 0.0 0.0 0.0 
lapan 33.9 19. 1 39.6 (a) 20.3 47.5 21.3 
Net herland 0.5 2.9 0.5 2.5 0.5 2.5 
Spain 7.0 15 .9 7.0 (a) 15.3 7.0 13.7 
Sweden 10.0 29.7 10.0 28.7 10.0 28.4 
Switzerland 3.0 19.4 3.2 20.3 3.2 18.8 
Turkey 0.0 0.0 0.0 0.0 0.0 0.0 
Un ited Kingdom 12.0 16.0 13.0 (a) 16.9 12.2(a) 14.8 
United States 99.0 13.3 101.0 13.4 104.0 13.2 

TolalOCDE 296.2 16.0 267.2 16.1 279.2 16.2 

(a) Secretariat estimate. 

(Net GWe) STATUTS OF NUCLEAR POWER PLANTS (as of 31 st Oecember 1992) 

Connected Under Firmly 
Planned to the grid construction commited 

COUNTRY 
Units Capacity Units Capacity Units Capacity Units Capacity 

Belgium 7 5.5 0 0.0 0 0.0 0 0.0 
Canada 20 13.8 2 1.8 0 0.0 0 0.0 
Finland 4 2.3 0 0.0 0 0.0 1 1.1 
France 56 57.7 4 5.7 0 0.0 7 10.2 
Gerll1any 21 22.5 0 0.0 0 0.0 0 0.0 
l1aly 0 0.0 0 0.0 0 0.0 4 3.2 
lapan (a) 44 33.9 9 7.7 2 2. 1 22 24.7 
Netherlands 2 0.5 0 0.0 0 0.0 2 1.2 
Spain 9 7.0 0 0.0 0 0.0 4 3.0 
Sweden 12 10.0 0 0.0 0 0.0 0 0.0 
Switzerl and 5 3.0 0 0.0 0 0.0 0 0.0 
TlIJ"key 0 0.0 0 0.0 0 0.0 2 2. 1 
United States 109 99.0 3 3.5 0 0.0 2 2.5 
Un ited Kingdom 31 12.0 1 1.3 0 0.0 0 0.0 

OECDTotal 320 267.2 19 20.0 2 2.1 44 48.0 

(a) Gross data converted ta net by the Secretariat. 
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COST ESTIMATES FOR REPOSITORIES FOR 
SPENT FUEL AND HIGH LEVEL WASTE 

A group of nati onal ex perts conve ned by the NEA 
publi shed in June a new report on cost estimates fo r the 
engineering, construction and operati on of repositori es fo r 

The cos t of di sposa i of spent fuel or was te Fro m 
reprocessing is only a small fracti on of the total electricity 
generati on cost. The uncertainties in the disposai costs will 
therefo re have onl y a marg in al effec t on th e cos t of 
electricity production from nuclear power. However, the 
absolute value of the cost for disposai is ex pected to be 

substanti al. Some deve lopment costs 
will OCCLlI' appreciably before disposai, 
but mos t wi ll appear long after th e 
corresponding electri ci ty generati on. 
In most OECD countries with a nuclear 
prog ramm e, fundin g schemes have 
th erefo re been es tabli shed to make 
prov ision fo r th ese cos ts. Fa irl y 
accu rate estimates of the costs are thus 
requi red. 

There is surprisingly good agreement 
between the es tim ates when the y are 
norm ali zed with rega rd to total 
elec tri cit y produ cti on, and the 
remaining diffe rences can be explained 
at least qu alitati vely. Thi s indi cates 
that the disposai costs are reasonab ly 
wellunderstood in the OECD countries 
even though some wide vari ations are 
apparent. 

Overview of the Rokkasho- Mura low- Ievel radioacti ve waSle disposaI sile 
which came in to operation in 1992. 

the di sposa i of spent fuel or 
reprocess in g was te (i. e. hi gh leve l 
vitrified waste and alpha-bearing waste 
from reprocessi ng). Twe l ve different 
es tim ates we re used from eleve n 
countri es . The objec ti ve of the study 
was to prov ide a better understanding of 
the ori gin s of va ri ati ons in th e cos t 
estimates and to di scuss to what extent 
technical, political, social and economic 
factors cou Id ex plain the variation. 

Rather detail ed engineering studi es 
and cost es timates have been made in 
Member countries to prov ide adequate 
support fo r planning purposes and for 
establi shing a relevant co st for di sposai 
to be fac tored into th e charge to th e 
electricity consumer. Many of the cost 
co mpon ents are based on we ll
establi shed experience in other nuclear 
and non-nu clea r fi eld s and a hi gh 
contingency factor is normally applied. 
Nevertheless the estimates are based on 
des ign studi es and mu st be used 
carefull y. Equipmenrfor water migralion lest al lhe Grimsel underground laboralory. 
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EASTERN EUROPEAN OBSERVERS AT NEA 
LlABILITY GROUP 
Observers from seven countries of central and eastern 

Europe attended the most recent meeting of the NEA Group 
of Governmental Experts on Third Party Liability in the 
Field of Nuclear Energy, from 28-30 June 1993. It was only 
the second time that such countries had participated in a 
meeting of the Group. Hungary, Poland, Romania and the 
fo rmer Czechoslovakia had sent observers to the Group 's 
meet ing in September 1992. That experience was very 
pos iti ve, and in June 1993 the observers from Hungary, 
Poland and Romani a were joined by representati ves of 
Bulgaria, Russia and the Ukraine 
as we il as the new Czec h 
Republic. 

The attendance of observers at 
mee tin gs of the Group of 
Gove rnm ent al Expert s is one 
as pec t of a prog ramm e of co
operation between NEA and the 
co untri es co nce rned. Th e 
in vitation issued to the observers, 
fo ll owing approval by the NEA 
Steering Committee and by the 
OECD Co un cil refl ec ts the 
co nce rn s of the parti es to the 
(OECD) Paris Convention. That 
Convention, which covers western 

Conventions provide for ail liability for a nuclear accident 
to be "channell ed" to the operator of th e in stall ati on 
concerned. That is to say, in the case of an accident in a 
nuclear installation, only the operator of that installation is 
liable, and not outside contractors or suppliers. This is the 
rul e in the member countri es of the NEA which have 
nuclear industries, including those which are not parties to 
the Paris or Vienna Convention. 

However, many of the central and eastern European 
countri es concerned not onl y are not parti es to either 
Convention, but also have no national legislation providing 
for channelling of li ability. Neither is the am ount of 

Europe, and th e ve ry simil ar , .. ', )' 
(IAEA) V

· C . The N EA l uns CI co -opelCitlOn pl ogramme 
lenn a on ve nt Ion .. 1 f" I l.r 1 1 . .' coun/nes 111 n e te .c. oJ nue .ear .aw. 

together cO mp rISe an In-
ternational regime of civilliability 
for nuclear damage, to which, however, few of the countries 
of central and eastern Europe yet adhere. Paris Convention 
countries consider that the success of the effort currently 
underway to modernise the regime will depend lat'gely on 
its ability to attract Central and Eastern Europe. The Group 
of Governmental Ex perts can prov ide a pan- European 
forum for the exchange of information and negotiation to 
thi s end. 

Besides their contribution to that debate, the participation 
of the observers was especially valuable in the Group 's 
di scussion of a specific practical problem concerning civil 
liability. It has ari sen out of the involvement of companies 
from NEA member countries in the international effort to 
improve the safety of nuclear power stations in several 
countri es of central and eastern Europe. A number of 
co mpani es have ex pressed the fear that th ey mi ght be 
exposed to litigation if an accident were to occur during or 
after their work on a nuclear installation. 

ln a host State whi ch is party to the Pari s or Vi enna 
Conventi on, thi s wo uld not be a danger, since th ose 

li ability limited. In additi on, it appears that pri va te 
insurance would not be available to contractors to coyer the 
risk of liability. 

Under these circumstances, fear of litigation has Ied to 
reluctance on the part of western companies to undertake 
work in the countries concerned. Indeed the Group of 
Governmental Experts heard that for thi s reason certain 
nati onal and internati onal agencies, although they have 
funds available to finance work on safety improvements, 
are unable to allocate the necessary contracts. 

Ultimately, the solution to thi s problem appears to be 
ratifi cation of the li ability Conve nti ons by the hos t 
countries and establishment of appropriate legislation, but 
thi s will necessaril y take a considerable time as we il as 
political will. An interim solution is therefore being sought 
urgently in a number of fora, including an expert working 
group established by the G-24, as weil as through bilateral 
negotiations. The exchange of views between east and 
west within the Group of Governmental Experts was a 
worthwhile contribution towards this process. 
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PoAEN Gd-NEA 

Jntern a tlo.oal 
co_operatIon 
for I1uclear 
energy 

The NEA has completed a video introducing its activities and the raie 
of international co-operation in the nuclearfïeld. 

A VIDEO INTRODUCING THE NEA: 
INTERNATIONAL CO-OPERATION 
FOR NUCLEAR ENERGY 

The NEA has just completed a lü-minute 
video introducing its activities and the role of 
international co-operation for the development 
of peaceful nuclear energy_ 

The video is intend ed as a public 
information tool to be used by the staff of the 
Nuclear Energy Agency for briefing the 
national delegates to the man y working 
Groups and Committees that NEA con venes 
at its Pari s Headqu arters and in Member 
countries on the Agency's role and work 
programme. 

The film will also be shown routinely to the 
numerous groups visiting the OECD mother 
Organisat ion and the NEA, representing a 
broad cross-section of interested public groups 
(s tudents, trade-unioni sts, indu st riali sts, 
diplomats, teachers, etc.). 



NUCLEAR ACCIDENTS· LlABILITIES AND 
GARANTIES 
Proceedings of the Helsinki Symposium organised by the OECD 
Nuclear Energy Agency and the International Atomic Energy 
Agency 
ISB N 92-64-03872-8 - 1993 
Pri ce: France FF 480 
Others countries: FF 620 US$105 DM 190 

The 1992 Symposium on Nuclear Accidents - Liabilities and 
Guarantees, organised by the OECD Nuclear Energy Agency in 
co ll aboration with the International Atomic Energy Agency, 
di scussed the nuclear third party liability régime estab li shed by 
the Pari s and Vi enna Conventions , its advantages and 
shortco mings and assessed the teachings of the Chernobyl 
acc ident in the context of that régime. The topics included the 
geographical scope of the Conventions, the definition of nuclear 
damage, in particular environmental damage, insllrance coyer and 
capacity and suppl ementary compensation by means of a 
collective contribution from the nllclear industry or governments, 
and finall y, the internationalliability of States in case of a nllclear 
acc ident. 

NUCLEAR LAW BULLETIN No. 51 . June 1993 
Annllal subscription (2 issues and supplement) 
ISSN 0304-34X 
Subscription price: France FF 200 
Other countries: FF220 US$42 DM 84 

NUCLEAR ENERGY DATA 1993 
Bil - ISBN 92-64-0387 1-X ISSN-I 0179402 
Price: France FF70 - Others countries: FF 90 US$17 DM29 

Nuclear Energy Data is the OECD Nuclear Energy Agency 's 
annual compilation of basic stati stics on electricity generation 
and nuclear power in OECD countries. The reader wi ll find quick 
and easy reference to the present status of and projected trends in 
total electricity generating capacity, nuclear generating capacity, 
and ac tual electricity production , as we il as on supply and 
demand for nuclear fuel cycle services. 

QUALIFIED MAN POWER FOR THE NUCLEAR 
INDUSTRY 
An Assessment of Demand and Supply 
ISBN 92-64-1 3932-X 
Price : France FF 130 
Others countries: FF 170 US30 DM 54 

There is growing concern , in OECD countries and elsewhere, that 
it might be difficult for nuclear industries to secure or to keep 
qua li fied personnel in the future. Thi s study by the OECD 
Nuclear Energy Agency presents the results of a pioneering 
survey of the demand for and the suppl y of qualified man power 
in various sectors of the nuclear industry, and in the related areas 
of regulation and education in 12 OECD countries. The current 
man power situation is presented and the future demand is 

reviewed. Present and future activ iti es of OECD countries to 
ensure a balance between supply and demand of qualified 
man power are discussed. 

SPIN·OFF TECHNOLOGIES DEVELOPED 
THROUGH NUCLEAR ACTIVITIES 
ISBN 92-64- 13965-6 

Price: France FF 90 - Others countries: FF 115 US$ 20 DM 37 

Given the changing role of government research establishments 
and the interest in maximising return on capital and intellectual 
investment , determining the best way to apply or "spin-off" 
technologies from the nuclear fi eld into other industrial and 
commercial sectors is of increasing concern. 

Thi s study by the OECD N uclear Energy Agency draws on 
expertise from numerous countries to determine what the spi n
offs are , where they come from, and how they can best be 
fostered. It looks both at the results and process of spin-offs, and 
helps decision-makers in government and projet leaders and 
managers in industry to maximize their benefits . 

THE COST OF HIGH·LEVEL WASTE DISPOSAL 
IN GEOLOGICAL REPOSITORIES 
An Analysis of Factors Affecting Cost Estimates 
ISBN 92-64-13913-3 
Price: France FF 150 - Others countries: FF 200 US$ 36 DM 60 

Many different estimates for the cost of radioactive waste 
disposai in geo logical repositories have been published. This 
study, aimed at the general reader, illustrates why the published 
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cost estimates for packaging and geological disposai of spent fuel 
or reprocessing wastes vary so widely, and examines to what 
ex tent various political, inst itutional, tec hnical and economic 
factors could explain the variation. 

The study shows that despite the diffe rences in the vari ous 
systems being considered, there is a surprisingly good agreement 
be tween the es tim ates when co mpared to total elec tri city 
production costs. 

PALEOHYDROGEOLOGICAL METHOS AND 
THEIR APPLICATIONS FOR RADIOACTIVE 
WASTE DISPOSAL 
Proceedings of an NEA Workshop, Pari s (France), 
9- 10 November 1992 
Bil. ISBN 92-64-03892-2 
Price: France FF 200 
Others countries: FF 260 US$ 48 DM 83 
Gro un dwa ter is the primary medium fo r transportin g 
radionuclides from geological waste repositories to the accessible 
environment. In vesti gating hydrogeologic settings at potential 
sites for radi oacti ve waste di sposa i is therefore particul ar ly 
important fo r reconstructing their past hydro logic reg imes. The 
use of such studies will increase confidence in understanding a 
present-day hydrogeological setting and in predicting its future 
state. 

Th is volume presents the proceedings of a workshop organi sed 
by the OECD Nuclear Energy Agency to discuss the methods of 
gathering paleohydrogeological evidence and to review examples 
of studies already under way or completed in this area. 

LONG-TERM OBSERVATION OF THE 
GEOLOGICAL ENVIRONMENT: 
Needs and Techniques 
Proceedings of the Helsinki Workshop, Finland, 
9- 11 September 199 1 
Bil. - ISBN 92-64-03970-8 
Priee: France FF 150 - Others countries: FF 195 $ 34 DM 62 

For site characteri sation programmes aimed at determining the 
suitability of sites for the disposai of radioacti ve waste, attention 
must be given to collecting data over long periods of time for 
adequate understanding of certain processes in the geological 
environment (hydrolog ic conditi ons, se ismicity, etc.). It is 
import ant for ail nati onal projec ts to ca refull y pl an and 
implement programmes to observe the long-term behaviour of the 
geological environment in order to secure high-quality, re liable 
data fo r use in safety assessments. These proeeedings present the 
res ults of a wo rkshop orga ni sed to di sc uss the needs and 
techniques related to the planning and implementation of such 
programmes. 

RADIATION PROTECTION ON THE 
THRESHOLD OF THE 21 st CENTURY 
Proeeedings of an NEA Workshop, 
Pari s, 11 -13 January 1993 
Bil. ISBN 92 -64-0397 1-6 
Priee: FF 250 
Others countri es: FF 325 FF 325 US$ 56 DM 100 

Radi ation protection is curre ntl y goi ng thro ugh a per iod of 
eva luati on and debate in several diffe rent fields. One major 
milestone is the reeent publ ication of the new recommendations 
of the International Commission on Radiological Protecti on. The 
elements of no veit y contained in the recommendations and other 
rece nt sc ienti fic and techni ca l deve lopments led the NEA 
Commiltee on Rad iation Protection and Public Health to organise 
a workshop to review the CUITent status of rad iation protecti on 
and its perspec ti ves as we approach the year 2000. These 
proeeedings include the pa pers pre ented at the meeting and a 
summary of the conclusions and recommendations that emerged 
from the discussion 

NEA NEWSLETTER Vol. 11 No. 1 
Spring 1993 
Annual subscript ion (two issues per year) 
Price: Franee FF 125 
Others countries: FF 140, , DM52, US$28 
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Proceed ings of an International Seminar on 
VISITORS CENTRES AT NUCLEAR 
FACILITIES SITES 
Madrid, 2-5 November 1992 
Bi \. ISBN 92-64-03972-4 
Pri ce: FF 180 
Others countries: FF 235 $41 DM 75 
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Communi cati ons strategies in the nuclear fie ld are often based on 
the setting-up of vis itor centres at nuclear facility sites. 

Today, the design, as lay-out and management of such centres 
has beco me a spec iali sed function , and its role is closery 
complementary to that of the nuclear operator. It also uses the 
lates t technology in the field of audio-visual, experiment and 
interacti vity. 

Thi s publication con tains the proceedings of an international 
se minar organi sed by the OECD Nuclear Energy Agency on the 
role of visitor centres at nuclear fac ility sites. It includes the 
main papers presented at thi s seminar. 

A STRATEGIC VIEW ON NUCLEAR DATA NEEDS 
Seplember 1993 
Report by NEA Secretariat 

This report examines the present and future needs for scientific 
nuclear data and di scusses ways of meeting any such needs. 
Free on req uest 

NEA PUBLICATIONS CATALOGUE 
Mareh 1993 
Bi!. - Free on request. 

Proceedings of a Speeialists' Meeting on 
EVALUATION AND PROCESSING OF 
COVARIANCE DATA 
Oak Ridge National Laboratory, Oak Ridge, USA, 
7 -9 October 1992 
Free on request 

NEUTRON NUCLEAR DATA EVALUATION 
NEWSLETTER 
Free on req uest 

Issue brief N°9 
BROAD IMPACTS ON NUCLEAR POWER 
Free on req uest 

PSACOIN Level S Intercomparison 
PSACOIN Level 1 B Intercomparison 
Probabilistic System Assessment Group (PSAG) (1993) 

The PSACOIN Level Band Level S reports are the latest in a 
series of exercises designed to contribute to the verification and 
advancement of probabilistic codes and methodologies that might 
be used for assessing the safety of probabilistic disposai systems. 

The focus of Level lB is on biosphere modelling and implements 
a biosphere model which is used in several Member Countries to 
estimate the consequences of potential radionuclide releases to 
inland terrestrial and aquatic systems. The report compares 
results and draws conl usions with regard to the use of different 
codes, routines, and modelling approaches. 

The focus of Level S is on sensitivity analysis. Given a cammon 
data se t of output and input values of a model previously 
implemented for the Level E exerci se the participants were asked 
to identify the model's most important parameters (deterministic 
sensitivity ana lysis) and the link between the distributions of the 
input and output values (distribution sensitivity analysis). The 
report finds agreement where it was ex pected but it also identifies 
several outstanding issues in sensitivity analysis. 
Free on request 

NUCLEAR WASTE BULLETIN No. 8 - July 1993 
Update on Waste Management Policies and Programmes 
Free on req uest 

ISOE 
(NEA Information System on Occupational Exposure) 
1969-1991 Nuclear Power Plant Occupational Exposures 
in OECD Countries 
Free on request 



MAIN SALES OUTLETS OF OECD PUBLICATIONS 
PRINCIPAUX POINTS DE VENTE DES PUBLICATIONS DE L'OCDE 

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

Telefax (1) 33 1 1787 

AUSTRALIA - AUSTRALIE 
D.A. Informati on Services 
648 Whitehorse Raad , P.O.B 163 
Mitcham, Victoria 3 132 Tel. (03) 873.44 11 

Telefax: (03) 873.5679 

AUSTRIA - AUTRICHE 
Gero ld & Co. 
Graben 3 1 
Wien 1 Te l. (0222) 533 .50. 14 

BELGIUM - BELGIQUE 
Jean De Lannoy 
Avenue du Roi 202 
B- 1060 Bruxelles Tel. (02) 538 .51.69/538.08.4 1 

Te lefax : (02) 538.08.4 1 

CANADA 
Renou!' Publishing Company Ltd . 
1294 Aigollla Raad 
Ottawa, ON KI B 3W8 Tel. (6 13) 741.4333 

Stores: 
6 1 Sparks Street 
Ottawa. ON KIP 5R I 
21 1 Yonge Street 
Toronto, ON M5B 1 M4 

Te lefax: (6 13) 741.5439 

Tel. (6 13) 238 .8985 

Tel. (4 16) 363.3 17 1 
Telefax (4 16)363 .59.63 

Les Éditions La Liberté Inc. 
3020 Chem in Sainte-Foy 
Sainte-Foy. PQ G IX 3V6 Tel. (4 18) 658.3763 

Te lefax (418) 658 .3763 

Federal Publications Ine. 
165 Univers ity Ave nue , Suite 70 1 
Toronto, ON M5H 3B8 Tel. (4 16) 860. 16 11 

Telefax : (416) 860.1608 

Les Publications Fédérales 
11 85 Univers ité 
Montréal, QC H3B 3A7 

CHINA - CHINE 

Tel. (5 14) 954. 1633 
Telefax : (514) 954.1635 

China National Publications Import 
Export Corporation (CNPIEC) 
16 Gongti E. Raad, Chaoyang District 
P.O. Box 88 or 50 
Beijing 100704 PR Tel. (0 1) 506.6688 

Telefax (0 1) 506.3 101 

DElNMARK - DANEMARK 
Munksgaard Book and Subscripti on Service 
35, N~rre S~gade , P.O. Box 2 148 
DK-1016 K0bcnhavn K Tel. (33) 12.85 .70 

Telefax : (33) 12.93 .87 

FINLAND - FINLANDE 
Akateeminen Kirjakauppa 
Keskuskatu l , P.O. Box 128 
00100 Helsinki 

Subscription Serv ices/Agence d'abonnements ' 
PO Box 23 
00371 Helsinki 

FRANCE 
OECD/OCDE 

Tel. (3580) 12 141 
Telefax: (3580) 121.4450 

Mail Ordees/Commandes par correspondance : 
2, rue André-Pascal 
75775 Paris Cedex 16 Tel. (33 - 1) 45.24.82.00 
Telefax : (33- 1) 45.24.81.76 or (33 - 1) 45 .24.85.00 

Telex : 640048 OCDE 

OECD Bookshop/Librairie de l'OCDE : 
33 , rue Octave-Feuillet 
750 16 Paris Tel. (33- 1) 45 .24.8 1.67 

(33- 1) 45.24.81.8 1 

Documentation Française 
29, quai Voltaire 
75007 Paris Tel. 40.15.70.00 

Gibert Jeune (Droit-Économie) 
6, place Saint-Michel 
75006 Paris Tel. 43 .25 .9 1.1 9 

Librairie du Commerce International 
10, avenue d'Iéna 
750 16 Paris Tel. 40.73.34.60 

Librairie Dunod 
Université Paris-Dauphine 
Place du Maréchal de Lattre de Tassigny 
750 16 Paris Tel. ( 1) 44.05.40.13 

Librairie Lavoisier 
1 l , ruc Lavoisier 
75008 Paris Tel. 42.65 .39.95 

Librairie L.G .D.J . - Montchrestien 
20, rue Soufflot 
75005 Paris Tel. 46.33.89.85 

Librairie des Sciences Po litiques 
30, rue Sai nt-Gui llaume 
75007 Paris Tel. 45.48.3602 

P.UF 
49, boulevard Saint-Michel 
75005 Paris Tel. 43 .25.83.40 

Librairie de l'Université 
12a, ruc Nazareth 
13 100 Aix-en-Provence Tel. (16) 42.26.18.08 

Documentati on Française 
165 , rue Garibaldi 
69003 Lyon Tel. ( 16) 78 .63 .32.23 

Librairie Decitre 
29, place Bellecour 
69002 Lyon Tel. ( 16) 72.40.54.54 

GERMANY - ALLEMAGNE 
OECD Publications and Information Centre 
August-Bcbel-Allee 6 
D-53 175 Bonn 2 Tel. (0228) 959. 120 

Telefax: (0228) 959. 12.17 

GREECE - GRÈCE 
Librairie Kauffmann 
Mavrokordatou 9 
106 78 Athens Tel. (01) 32.55.32 1 

Telefax : (01) 36.33.967 

HONG-KONG 
Swindon Book Co. Ltd. 
1 3- 15 Lock Road 
Kowloon , Hong Kong 

HUNGARY - HONGRIE 
Euro Info Service 
l'OB 127 1 

Tel. 366.80.3 1 
Telefax: 739.49.75 

1464 Budapest Tel. (1) 111.62. 16 
Telefax: ( 1) 111 .60.6 1 

ICELAND - ISLANDE 
Màl Mog Menning 
Laugavegi 18, Pôsthôlf 392 
12 1 Reykjavik 

INDIA - INDE 
Oxford Book and Stationery Co. 
Sei ndi a House 

Te l. 162.35 .23 

New Delhi 11000 1 Te 1.( Il ) 33 1.5896/5308 
Telefax : ( II ) 332.5993 

1 7 Park Street 
Calcutta 7000 16 Tel. 240832 

INDONESIA - INDONÉSIE 
Pdii-Lipi 
PO. Box 269/JKSMG/88 
Jakarta 12790 

IRELAND - IRLANDE 
TDC Publishers - Library Supp li ers 
12 North Frederick Street 

Te l. 583467 
Te lex: 62 875 

Dublin 1 Te l. (01) 874.48.35 
Te lefax : (01 ) 874.84.16 

ISRAEL 
Electroni c Publications only 
Publications électroniques seulement 
Sophist Systems Ltd. 
7 1 Allenby Street 
Tel-A viv 65 134 Tel. 3-29.00.2 1 

Te lefax : 3-29.92 .39 

ITALY - ITALIE 
Libreria Commissionaria Sansoni 
Via Duca di Calabria 1/1 
50125 Firenze 

Via Bartolini 29 
20 155 Milano 

Editrice e Libreria Herder 
Piazza Montecitorio 120 
00186 Roma 

Libreria Hoepli 
Via Hoepli 5 
20 12 1 Milano 

Libreria Scientifica 

TeL (055) 64 .54 .15 
Te lefax : (055) 64 .12.57 

Tel. (02) 36.50.83 

Tel. 679.46.28 
Telefax : 678.47 .5 1 

TeL (02) 86.54.46 
Telefax : (02) 805 .28.86 

Dolt. Lucio de Biasio • Aeiou ' 
Via Corone lli , 6 
20 146 Milano Tel. (02) 48.95.45 .52 

Telefax: (02) 48.95.45.48 

JAPAN - JAPON 
OECD Publications and Information Centre 
Landic Akasaka Building 
2-3-4 Akasaka, Minato-ku 
Tokyo 107 Tel. (8 1.3) 3586.20 16 

Telefax (8 1.3) 3584.7929 

KOREA - CORÉE 
Kyobo Book Centre Co. Ltd . 
P.O. Box 1658, Kwang Hwa Moon 
Seoul Tel. 730.78. 91 

Telefax : 735.00.30 

MALA YSIA - MALAISIE 
Co-opeeative Bookshop Ltd. 
University of Malaya 
P.O. Box 1127, Jalan Pantai Baru 
59700 Kuala Lumpur 
Malaysia Tel. 756 .5000/756.5425 

Telefax : 757.3661 

MEXICO - MEXIQUE 
Revistas y Periodicos Internacionales S.A. de C. V. 
Florencia 57 - 1004 
Mexico, DF 06600 Tel. 207 .8 1.00 

Telefax ' 208.39.79 

NETHERLANDS - PA YS-BAS 
SDU Uitgeverij Plantijnstraat 
Externe Fondsen 
rostbus 20014 
2500 EA 's-Gravenhage 
Voor bestellingen : 

TeL (070) 37.89.880 
Telefax : (070) 34.75.778 



NEW ZEALAND 
NOUVELLE-ZÉLANDE 
Legis lation Services 
P.O. Box 1241 8 
T horndon. Wellington Te l. (04) 496.5652 

Te lefax : (04) 496.5698 

NORWAY - NORVÈGE 
Narvese n Info Ce nte r - NI C 
Bert rand Narvesens vei 2 
P.O. Box 6 125 Etterstad 
0602 Os lo 6 Te l. (022) 57.33.00 

Te le fax : (022) 68 .19.01 

PAKISTAN 
Mirza Book Agency 
65 Shahrah Q uaid-E-A zam 
Lahore 54000 Tel. (42) 353.601 

Te lefax : (42) 231.730 

PHILIPPINE - PHILIPPINES 
1 nlernat ional Book Cente r 
5th Floor, Filipinas Life Bldg. 
Ayala Avenue 
Metro Manila Te l. 8 1.96.76 

PORTUGAL 
Li vraria Portugal 
Rua do Carmo 70-74 
Apart . 268 1 
1200 Lisboa 

Telex 233 12 RHP PH 

Tel. : (0 1) 347.49.82/5 
Te lefax : (0 1) 347 .02.64 

SINGAPORE - SINGAPOUR 
Information Pu bli cati ons Pte . Ltd. 
4 1. Kallang Pudding, No. 04-03 
Singapore 1334 Te l. 74 1.5 166 

SPAIN - ESPAGNE 
Mu ndi-Pre nsa Li bros S .A. 
Caste Il 6 37 , Apartado 1223 
Madrid 2800 1 

Te le fax : 742.9356 

Tel. (9 1) 431.33.99 
Te lefax : (9 1) 575.39.98 

Libreria Internacional AEDOS 
Consejo de Ciento 39 1 
08009 - Barcelona Tel. (93) 488.30.09 

Ll ibreria de la Ge neral itat 
Pa lau Moja 
Ra mbla de ls Es tudis . 1 18 
08002 - Barce lona 

Te lefax : (93) 487 .76.59 

(Subscripcions) Tel. (93) 3 18.80.12 
(Pu bli cacions) Te l. (93) 302.67 .23 

Te lefax : (93) 41 2.18.54 

SRI LANKA 
Centre for Po licy ReseUTch 
cio Colombo Agencies Ltd. 
No. 300-304, Galle Road 
Co lombo 3 Tel. ( 1) 574240, 57355 1-2 

Telefax : ( 1) 575394, 5 107 11 

SWEDEN - SUÈDE 
FrÎtzes Information Center 
Box 16356 
Regeringsgatan 12 
10647 Stockholm Tel. (08) 690 .90.90 

Telefax : (08) 20 .50 .2 1 

Subscriplion Agency/Agence d ' abonnements : 
Wennergre n-Willi ams Info AB 
P.O. Box 1305 
171 25 Solna Tel. (08) 705 .97 .50 

Téléfax: (08) 27 .00.7 1 

SWITZERLAND - SUISSE 
Maditec S.A. (Books and Periodi cals - Livres 
et périodiques) 
Chemin des Palettes 4 
Case postale 266 
1020 Re nens Tel. (02 1) 635.08.65 

Librairi e Payot S.A. 
4, place Pépinet 
CP 32 12 
1002 Lausanne 

Librairie Uni li vres 
6 , rue de Candolle 
1205 Ge nève 

Te le fax : (02 1) 635.07 .80 

Te l. (02 1) 34 1.33.48 
Telefax : (02 1) 341. 33 .45 

Te l. (022) 320.26.23 
Tele fa x: (022) 329.73 .18 

Subscription Agency/Agence d 'abonnements 
Dynapresse Marketing S. A. 
38 avenue Vibert 
1227 Carouge Te l.: (022) 308.07.89 

Te lefax (022) 308.07.99 

See also - Voir au ssi : 
OECD Publi cati ons and Info rmation Centre 
August-Bebel-Allee 6 
D-53 175 Bonn 2 (Germany) Te l. (0228) 959.120 

Te le fax : (0228) 959.12. 17 

TAIWAN - FORMOSE 
Good Faith Worldwide Int'!. Co. Ltd . 
9th Floor, No. 11 8, Sec. 2 
Chung Hsiao E. Road 
Taipe i Te l. (02) 39 1.7396/391.7 397 

Te le fax : (02) 394.9 176 

THAILAND - THAÏLANDE 
Suksit Siam Co. Ltd. 
1 13, 11 5 Fuan g Nakhon Rd . 
Opp. Wat Rajbopith 
Bangkok 10200 Te l. (662) 225 .953 1/2 

Telefax : (662) 222.5 188 

TURKEY - TURQUIE 
Kiiltiir Yayinlari Is-Tiirk Ltd. Sti . 
Atatii rk Bulvari No. 19 1/ Kat 13 
Kavaklidere/Ankara Tel. 428. 11 .40 Ex!. 2458 
Dolmabahce Cad. No. 29 
Besiktas/Istanbul Te l. 260.71. 88 

Telex : 43482B 
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