


Q) 
u 
c:: 

'" u: 
cL 
o 
w 

'il 
!" 
u 

A 900 MW generator stator during as
sembly at Aisthom, a French manufac
turer of heavy plant equipment. 

Editorial board : Jacques de la Ferté, 
Zabel Chéghikian , Roxanne Goldsmith 

The NEA News/etter is published twice 
yearly in English and French by the OECD 
Nuclear Energy Agency. The opinions ex
pressed in the News/etter are those 01 the 
contributors alone and do not necessari ly 
rellect the views 01 the Organisation or 01 its 
Member countries. Material in the News/etter 
may be Ireely used provided the source is 
acknowledged. Correspondence should be 
addressed to : 

The Editor, NEA News/etier 
OECD Nuclear Energy Agency 
38 , Boulevard Suchet 
75016 Paris , France 
Telex 630.668 AEN/NEA 

The OECD Nuciear Energy Agency (NEA) 
was established on 20th April 1972, replac
ing the European Nuciear Energy Agency. 
The NEA groups the 19 European Member 
cou nt ries 01 OECD together with Australia , 
Canada, Japan and the United States. The 
Commission 01 the European Communities 
takes part in the NEA's work and a co
operation agreement has been concluded 
with the International Atomic Energy Agency. 

The purpose 01 the NEA is to lurther the 
development of the peacelul uses 01 nuciear 
energy by sponsoring economic, technical 
and scientilic studies and projects, and by 
contributing to the optimisation of salety and 
regulatory policies and practices. 
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The energy outlook 
and nuclear power 
H. Steeg 

G rowing abundance of energy in the past few years 
has transformed world markets as weil as being a 

boon for consumers. It has brought cheaper energy, more 
intense competition between producers, and reduced 
vu lnerability to oil supply disruptions. But energy policies 
cannot be based on the asssumption that the energy 
surplus will last forever. The political risks associated with 
energy supply are self -evident, and there are no reliable 
means of predicting the evolution of individual sources of 
energy. IEA countries know it would be a mistake to allow 
proven policies for enhancing their energy security to be 
relaxed or to fall into disuse. However, it is still worth 
counting present blessings before looking at the longer
term outlook - and the prospects for nuclear energy and 
other energy alternatives to oil. 

There is now surplus capacity of ail main forms of 
energy. This was the result of a range of developments, 
among them consumer reaction to high oil priees in the 
early 1980s; government policies directed at encouraging 
rational use of energy and the development of alternatives 
to oil , notably coal , natural gas and nuclear power; the 
advent of new energy saving technologies and improve
ments to conventional technologies ; and the development 
of oil production from the North Sea, Mexico, and other 
non -OPEC suppliers. 

Significantly less energy, and particularly oil , is now 
needed than in the 1970s to fuel a given amount of 
economic output ; in other words, we are using energy 
much more efficiently. In technical terms, between 1973 
and 1985 there was a 20 per cent reduction in the energy 
intensity of IEA economies, that is to say the amount of 
energy needed to produce one unit of gross domestic 
product (GOP). The signs are that this graduai improve
ment in energy efficiency is continuing , even though the 
rate of improvement may be slower than in the past 
decade. 

Because oil is the main single energy source and is 
depletable , and because it is unwise to rely too heavily on 
one single source of energy, successful energy policies 
must be directed at reducing oil use in relation to other 
energy sources. Here again there is a success story to tell , 
with oil use per unit of GOP in the OECO falling by almost 
40 per cent between 1973 and 1985, much faster , that is , 
than the drop in overall energy use in relation to economic 
output. Furthermore, since the energy crisis of the late 

Mrs. Helga Steeg is the Executive Director 01 the International 
Energy Agency (IEA). 
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1970s, the oil stocks situation of the industrialised 
countries, and in particular the build-up of government 
stocks, has greatly improved. 

Another positive development for overall energy 
security has been the diversification of energy supply 
sources, and particularly oil. The relative importance of 
Middle East production has declined - at least for the 
present. This fact, cou pied with the big oil supply overhang 
which has dominated market sentiment for many months, 
helps to explain the calm reaction of energy markets 
throughout the summer months to the flare-up of political 
and military tensions in the Gulf. The expansion of pipeline 
capacity overland from the Gulf has also helped to reduce 
anxieties about the flow of supplies by sea from that 
region. 

Forecasting future needs 

A note of caution belongs with any examination of 
the future. Experience has demonstrated the unreliability 
of forecasting . The experts grossly underestimated the 
countervailing forces that would be unleashed by the ri se 
in energy priees that reached its climax with oil at 
34 dollars a barrel in 1981. For the most part, they failed to 
foresee the present energy situation, and instead many 
spoke of markets gradually tightening in the mid-1980s 
and continuing upward pressure on oil priees. 

Uncertainties are too great, and variables too 
numerous, for any prudent energy analyst to offer a 
detailed picture of the world 's energy future . The best that 
can be done is to examine a range of plausible scenarios, 
and this is the IEA's approach . These scenarios suggest 
that the industrial countries should continue readying 
themselves to cope with increased import dependence, 
although there can be no reliable estimate of how soon that 
is likely to happen. Increased import dependence will 
mean relying more heavily on oil from the Middle East, 
where 60 per cent of the world 's known oil reserves are 
located. In contrast, OECO production has probably 
peaked, and can be expected to go into decline. The 
search for new oil is becoming progressively harder, and 
new fields coming on stream tend to be smaller and less 
easily accessible than in the pasto 

To be sure, there could be surprises ahead to 
change that perception. Even with lower oil priees, there 
are signs that exploration is beginning to pick up again . In 
the next few years there could be jubilant headlines about 

3 



Energy prospects 

giant new fields being discovered. Technological break
throughs in exploration and recovery techniques are 
already opening up new prospects for exploiting reserves 
in the North Sea and elsewhere, and there may weil be 
more progress in the not-too-distant future . But the 
conventional wisdom remains that odds against spectacu
lar windfall discoveries are lengthening. We have, the re
fore, to be ready for any eventuality. Amid ail the 
uncertainty, we cannot afford to assume that oil will not one 
day become a scarce commodity again . 
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There are a number of reasons for the uncertainty 
about changes in energy markets. New technologies could 
have a decisive influence, and help to prolong the present 
period of energy abundance. The economics of energy 
supply and use, access to new resources, safety stan
dards and environmental acceptability will ail be affected 
by technologies that are either beginning to be exploited 
commercially or are still on the drawing board. 

Timing will also be affected by demand in both 
industrialised and developing countries, as weil as by 
prices. While it is true that continued improvements in 
energy efficiency will slow the growth of demand for energy 
of ail types, economic expansion will ensure that the world 
will still need more energy by the end of the century than it 
does now. Projections show that total primary energy 
requirements could increase by almost one quarter in 
OECD countries between now and the year 2000. Be
cause oil is the single most important energy source, and 
will remain so for the forseeable future , the way the oil 
market develops will have a decisive bearing on markets 
for other fuels . 

The need for diversification 

Diversification of energy sources must remain a 
pillar of wise energy policy, for it is the key to energy 
security. Provided markets are flexible and open and our 
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economies make the fullest use of ail types of energy 
with the mix varying according to national circumst
an ces - increased oil import dependence do es not 
inevitably have to mean increased vulnerability to supply 
disruptions. This is why the considerable progress in 
recent years in opening up markets for energy is such a 
positive development. Markets are now more transparent , 
competitive and responsive compared to the 1970s. There 
is more price competition between fuels and between 
suppliers of the same fuel. Consumers have a greater 
ability to switch between fuels . If our governments can 
contribute towards keeping the market unrestricted, this 
will foster the most efficient use of energy resources and 
provide a hedge against potential future security risks . 

Looking at the outlook for major fuel sources other 
than oil , it is worth studying the share of each of the major 
energy sources in the OECD's total energy requirement , 
both now and what seems likely by the end of the century, 
barring unforeseeable events. Oil now accounts for about 
43 per cent of the primary energy mix, and its share could 
decline to around 37 per cent if current consumption trends 
continue. Gas has a share of 18 per cent, and this could 
remain constant. Coal could increase its share from 25 per 
cent to about 27 per cent. Use of renewable energy 
sources - mostly hydropower - might expand slightly 
from 7 to 8 per cent. Nuclear power has the potential to be 
the faste st growing energy source, with its share possibly 
increasing from just short of 7 per cent at present to slightly 
over 9 per cent. 

Because electricity generation is by far the biggest 
single consumer, at over 35 per cent , of OECD total 
primary energy, prospects for this sector merit particularly 
close study. Projections by IEA governments show 
generating capacity growing more strongly than other 
energy sources by the end of the century, although it is 
difficult to be precise in view of the many uncertainties. 
While there is, at present, substantial surplus capacity in 
many IEA countries, much of that surplus can be expected 
to be taken up by the early 1990s as demand grows. In 
additign , older, obsolete plant will have to be replaced. The 
bulk of the new capacity will have to come either from 
nuclear power or coal , if IEA countries are not to become 
more dependent on imported oil. There is no realistic hope 
that renewable energies, apart from hydropower, can 
make a signficant contribution to energy supplies in this 
century. Among limitations of renewable energy sources is 
the fact that they tend to be site-specific. But it still remains 
important to press ahead with research and development 
in this area of energy supply, as in other energy sectors. 

Projected nuclear energy supply 

Nuclear energy's share in generating electricity at 
present is about one fifth . According to estimates made 
before the Chernobyl accident last year, this share could 
increase appreciably, perhaps to about a quarter, by the 
year 2000. 
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Electricity Generation in OECD Countries 
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Compared with some 223 gigawatts 01 nuclear 
capacity now operating in the OECD countries, around 
71 gigawatts are under construction. When those are 
completed , up to a lurther 80 gigawatts 01 capacity will 
have to be built il nuclear energy is to meet the projections 
lor its expansion quoted above. Nuclear plants under 
construction wou Id provide the equivalent 01 around 
2.4 million barrels 01 oil per day, which could be provided 
neither easily nor cheaply lrom other energy sources. A 
disquieting aspect 01 the present situation lor energy 
planners is the hiatus in decisions to build new reactors . 

Still , the ligures show that nuclear power has made, 
and can continue to make, a major contribution to reducing 
dependence on oil . It has helped both to diversily the 
energy supply and to improve the Ilexibility 01 energy 
systems. Current nuclear capacity in the IEA is the 
equivalent in energy terms to one and a hall times the oil 
production 01 the North Sea. 
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Energy prospects 

But whatever the growing importance 01 nuclear 
power in the energy mix, no government can ignore the 
lears about nuclear salety raised in the public mind by the 
Chernobyl accident. That human salety must have priority 
over ail other lactors is nowhere in dispute, but assess
ments differ, as does political and public sentiment. Ali 
countries have had to reexamine their nuclear program
mes. Signilicantly, those with major nuclear programmes 
have already decided to continue to make use 01 nuclear 
power as an essential element in their energy security. 
They include Belgium, Canada, France, the Federal 
Republic 01 Germany, Japan, the United Kingdom and the 
United States. 

The choice between different options lor electricity 
generation must be made by individual governments in 
light 01 their particular circumstances . Economics, salety, 
security 01 supply, and environmental aspects ail have to 
be weighed carelully. Ail that can be said in general terms 
is that overreaction through drastic or hast y nucl.ear policy 
changes would be a mistake. Decisions should take into 
account the common principles 01 IEA energy policy, the 
past contribution 01 nuclear power to energy security , and 
the implications on the energy market as a who le. 

ln view 01 the urgent need to reduce oil dependence 
and diversily energy sources, ail non -oil electricity gener
ating options must be maintained lor the IEA countries as a 
group, including coal as weil as nuclear power. Govern
ments and the nuclear industry alike must continue to 
demonstrate that ail phases 01 nuclear power production, 
including decommissioning and waste disposai , are sale , 
efficient, and economic. At the same time, everything 
possible must be done to improve international coopera
tion in the lield 01 nuclear salety. This is why IEA Ministers 
have promised lull support lor the additional arrangements 
lor international cooperation on salety wh ich are being 
developed with the Nuclear Energy Agency, the Interna
tional Atomic Energy Agency, and the European 
Commission . • 
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The economics of the back-end 
of the nuclear fuel cycle 
H.K. Shapar 

Introduction 

MOst of the nuclear spent fuel currently discharged 
from reactors in OECD countries is destined for 

long-term interim storage before final processing or direct 
disposaI. There are at least three basic considerations 
affect ing decisions on this spent fuel : first , there is currently 
insufficient capacity for prompt reprocessing in most 
cases; second , reprocessing is not considered urgent for 
either economic or plutonium availability reasons ; third , 
there are technical and economic advantages in allowing 
the cooling of spent fuel (or separated high-Ievel wastes) 
in controlled storage before final disposaI. 

On the other hand, some spent fuel is already being 
reprocessed , and a major part of the spent fuel now in 
storage is intended ta be reprocessed eventually. The 
basic technology has been com mercially available for 
several decades, but political problems and the lack of 
immediate incentives for reprocessing have thus far 
slowed the build-up of new capacity . As long as there is no 
immediate need for the separated plutonium, it is tech
nically reasonable ta postpone reprocessing ta avoid 
prob!ems related ta plutonium storage. 

Some OECD countries do not include reprocessing 
in their plans for spent fuel management but instead are 
planning ta condition the spent fuel elements for direct 
disposaI. Research in this direction is going on in several 
countries. In fact, repositories suitable for final disposai of 
spent fuel or separated high-Ievel radioactive waste will be 
needed irrespective of whether the reprocessing or direct 
disposai option is chosen , and permanent repositories for 
spent fuel are being developed by a number of OECD 
countries. 

The costs of storage and transportation 
of spent fuel 

The cast of storing spent fuel at reactors or at 
reprocessing plants is difficult ta separate from other 
capital and operating costs at these facilities . For separate 
storage, the responses ta a questionnaire sent out in the 

This article has been adapted from an address by 
Mr. Howard Shapar, Director General of the NEA, to the 
second International Conference on Nuclear Fuel Reproces
sing and Waste Management (RECOD 87). 
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context of an NEA study on fuel cycle economics indicated 
a cast range of $50 ta $200 per kilogram of heavy metal 
stored (kg HM) (January 1984 US dollars) . Some of the 
difference was attributable ta varying assumptions on 
storage time and financial discount rates . As a basis for 
further analysis, the study used $80/kg HM as the cast of 
storage in water pools for ten years. Of this , half would be 
fixed cast and half would be based on the length of time the 
fuel was stored . 

Some dry storage techniques may also be economi
cal , especially in the case of small facilities and long 
storage periods, but there is still little actual experience 
with these techniques, particularly for light water reactor 
fuel. It appears that it will be some years before dry storage 
is used on a large-scale, commercial basis . 

The cast of spent fuel transportation also depends 
on factors specifie ta each power plant considered - for 
example, the means and distance of transportation. A 
considerable part of the costs is due ta the transportation 
casks and other special equipment that may be needed. 
The corresponding fixed capital cast per shipment natural 
Iy depends on the total number of sh ipments made using 
the equipment. In the NEA study mentioned above, the 
reference value for spent fuel transportation costs was 
$40/kg HM for the average spent fuel shipment within 
Europe. 

The cost of reprocessing 

During the last ten years , the cast of reprocessing 
has increased approximately five times in constant money, 
if estimates are based on priee information about commer
cially-available services. This cast increase may be 
attributed ta two principal factors: first , the technical 
difficulties encountered when the process was adapted ta 
handle relatively high burn-up oxide fuel ; and second , the 
current tighter safety standards and restrictions on envi
ronmental releases. However, the costs appear now ta be 
stabilizing , and in spite of the rather limited supply of 
commercial services, some believe that the priee for such 
services may even decrease in the future . 

ln the NEA study of fuel cycle economics, the OECD 
cou nt ries ' original estimates for reprocessing costs ranged 
from $640 ta $950/kg HM , including the vitrification of 
waste and its storage until final disposaI. Other factors 
which influence these estimates are the assumed return on 
investment, size of facility, and contingency allowance. 
The NEA report adopted $750/kg HM as the base case, 
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Magnox fuel rods are being prepared for shipment to the 
reprocessing plant at Sellafield , U.K. 

including vitrification and waste storage costs, but looked 
at sensitivity to variation over the relatively large uncertain
ty range of ± 33 per cent. 

The cost of waste disposai 

The estimated costs for disposai and the required 
conditioning also include large uncertainties since the 
technology actually used several decades from now may 
weil be different from what is currently envisaged . Current 
estimates are intended to show at what cost the operations 
could be accomplished if based on available technology. 
The NEA study on fuel cycle economics estimated an 
average co st of $200/kg HM for the conditioning of spent 
fuel for direct storage . Th is is the same as the cost 
assumed for vitrification in the reprocessing cycle. Once in 
the form of vitrified reprocessing waste or conditioned 
spent fuel , the average cost of disposai is estimated at 
$150/kg HM . 
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Back-end costs in perspective 

The table compares the back-end fuel cycle costs 
(i .e., those incurred after the spent fuelleaves the reactor) 
with the total fuel cycle costs and, moreover, with total 
generating costs . According to the study, the share of the 
back-end in the totallevelised* fuel cycle costs is expected 
to be between 10 and 20 per cent. The calculations 
indicate that back-end costs for a once-through , or direct 
storage, cycle would be lower than back-end costs for a 
cycle with reprocessing , but in total levelized fuel cycle 
costs , the difference between alternative fuel cycles is only 
about 10 per cent. Of the total electricity generation costs, 
the back-end options account for about 3 and 5 per cent, 
respectively. Therefore the impact of the choice of 
back-end options on the cost of electricity generation will 
be only about 2 per cent . Such a small effect may weil be 
offset by other strategie considerations. 

Uncertainties in the unit costs of the back-end 
stages have little effect on the total fuel cycle costs. The 
most important single uncertainty is with the reprocessing 
priee. For example, a drop or increase of $250/kg HM from 
the average priee of $750/kg HM would lead to a change of 
approximately 10 per cent in the total levelized fuel cycle 
costs . Other uncertainties in the back-end are less 
important. For example, the uncertainty range studied for 
the disposai costs led to a change of only a few per cent in 
the total fuel cycle costs. 

Conclusions 

The costs of spent fuel management can be thought 
of as either high or low, depending on the perspective. For 
those involved in the business of the back- end of the fuel 

Back-end Fuel Cycle Costs in Perspective 

Back-end 
Per cent Per cent 
of Total of Total 

Option Costs 
(milis/kWh)* 

Fuel Cycle Generating 
Costs* ' 

Once -Ihrough 0.97 12 

Reprocessing 
cycle 1.72 20 

Jan. 1984 US mi lis/kWh 
NEA relerence estimates lor total luel cycle costs were : 
- once-through 7.78 milis/kWh 
- reprocessing 8 .56 milis/kWh 

Costs' " 

3 

5 

According ta the NEA study, the range 01 total generating costs in 
OECD countries was 20.3-43.8 mills/kWh (Japan: 31 .6 mills/kWh) . 
Here the median value, 32 mills/kWh, has been used as a relerence. 

* Levelised means 10 lake cosls occurring al differenl poinls in 
lime and reslale Ihem, Ihrough discounling melhods, 10 an 
annuily over a certain predelermined period . 
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Fuel cycle economics 

cycle, the cash flow is very large indeed. For example, 
NEA estimates show that, in the OECO area alone, over 
2 million Gigawatts of nuclear electricity will be generated 
in the year 2000. This implies a commitment of some 2 to 
4 billion 1984 US dollars for ail back-end activities asso
ciated with the spent fuel arising from that year's 
generation . The range of uncertainties also appears quite 
large. There are therefore strong incentives for further 
research and development in order to reduce costs and 
remove uncertainties. 

On the other hand, for an electricity consumer, the 
back-end cost represents only about 5 per cent of 
generating costs - perhaps only 2 or 3 per cent of 
delivered costs. From this perspective, the cost of the 
back-end of the fuel cycle is already low and further 
improvements, though always welcome, will have little real 
impact. 

ln summary, there is apparently no economic or 
technological reason why the back-end of the fuel cycle 
should constrain further deployment of nuclear power. 
While the costs of these activities appear high in absolute 
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The Tokai-Mura Plant in Japan Reprocesses Spent Fuel. 
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terms, they should be relat ively low compared to the cost 
of the electricity generated. Beyond this , given the 
requisite determination, there is no reason why the fuel 
cycle cannot be closed . • 
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Assuring nuclear safety 
on an international scale 
K. Stadie 

A fter Chernobyl , the public demands with increasing 
vigour further measures to prevent the recurrence 

of accidents with such braad ranging consequences . 
Secause of the international character of such events, 
there have been renewed requests for some system of 
international safety standards which could be applied to ail 
nuclear power plants operating in the world today. Those 
who thought themselves immune fram the difficulties 
experienced by their neighbours have suddenly disco
vered their vulnerability to the industrial projects located in 
countries far away. As a result , even States which have no 
nuclear reactors are asking to take part in the formulation 
of these international standards. Indeed, internationally 
conceived and enforced safety standards are seen by 
many as the only possibility for continued exploitation of 
fission energy. 

ln order for these standards to attain their intended 
objective, they must, of course, be based on the highest 
safety requirements reflecting the state-of-the-art in 
nuclear technology. Such an undertaking presupposes 
that governments of countries with nuclear power plants 
agree fram the outset on how safe is safe enough and how 
to achieve their common goal. They would furthermore 
need to reach a consensus on a wide range of safety 
approaches and measures embracing a variety of reactor 
concepts and a great diversity of light water reactor 
designs. 

The rapidly evolving nuclear technology has so far 
made it difficult to cod if Y the experience with il. This is one 
of the reasons why regulatory practices have developed 
along different lines and thus vary widely; for example, 
countries in which electricity is produced by nationalised 
utilities tend to be less prescriptive th an those with 
privately-owned utilities. In some countries, general safety 
principles are established and utilities have a certain 
leeway in how these are implemented; in other countries, 
many volumes of safety regulations may coyer just one 
type of reactor. These regulations are inspired or taken 
directly fram a large variety of non-nuclear engineering 
practices and technologies which have developed inde
pendently in different countries , and th us are not directly 
comparable. Attitudes toward the amount of automation as 
opposed to reliance on human intervention in the operation 
of nuclear power plants also vary to some extenl. And the 
specific site has an impact as weil , particularly regarding 
external challenges, whether man-made or natural. 

Mr. Klaus Stadie Is NEA Deputy Director for Safety and 
Regulation. 
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Experience has shown that it is extremely difficult to 
achieve international standards which reflect the latest 
know-how in any given field . Instead, the result is often the 
lowest common denominator, which may have a pacifying 
effect on the outside world but rarely adds to safety. And 
enforcing these standards would be infinitely more com
plex than , for instance, verifying safeguards to determine 
whether or not fissile material has been diverted. 

Therefore, it is likely that, in the foreseeable future , 
we will have to continue to rely entirely on individual 
governments to contrai and direct the nuclear industry in 
order to assure nuclear safety. Seing in the front line, these 
governments must, of course, recognise their national and 
international responsibilities vis-à-vis their populations, 
their neighbours and the world, by according safety 
absolute priority. To do this, they must constantly st rive to 
obtain the best means to develop, use and regulate 
nuclear power. International co-operation has been , and 
will continue to be, a major instrument in achieving this 
goal. Indeed, a primary objective of international co
operation in nuclear safety has always been to help 
governments braaden the scientific and technical know
ledge on which national regulatory organisations base their 
decisions. There can be no doubt for example, that such 
co-operation in the NEA framework among the OECD 
countries has been very effective in drawing the lessons 
from the Three Mile Island accident in the U.S.A., in 1979. 
This accident demonstrated that nuclear safety must be 
based not only on rational reactor concepts and reliable 
equipment but also on competent and qualified operators. 
Indeed, we must always keep in mind that nuclear safety 
must rely primarily on the ability and technical know-how of 
designers, manufacturers, operators and safety and 
licensing authorities. Safety will always result fram the best 
technical compromise reached between these parties 
rather than fram the mere administrative enforcement of 
rules and regulations. 

ln response to lessons learned from the Three Mile 
Island accident, regulatory authorities and the nuclear 
industry have undertaken and are still pursuing many 
activities directed towards increasing reactor safety. The 
general approach to safety has evolved considerably in 
OECD countries as a result of these efforts as weil as of 
increased operational experience and continuing safety 
research. This is why the OECD countries, when exami
ning the causes of the Chernobyl accident in the USSR, in 
1986, could jointly state in a report recently published by 
the NEA (Chernabyl and the Safety af Nuclear Reactars in 
OECO cauntries, 1987) that the Chernabyl accident has 
nat braught ta light any new, previausly unknawn phena
mena ar safety issues that are nat resalved ar atherwise 
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Nuclear safety 

covered by current reactor safety programmes for com
mercial power reactors in DECO Member countries. 

Thus, the effective contribution of these long
established forms of international co-operation in achiev
ing improvements in the safe operation of nuclear power 
plants should not be underestimated. In the wake of the 
Chernobyl accident, considerable importance is being 
given today to further reinforcing such co-operation to help 
prevent the repetition of severe accidents of this kind in 
future . Exchanges between NEA Member countries are ail 
geared to make practical contributions toward this goal. 

• State -of -the -art reviews of major safety issues are being 
performed to serve as sources of reference to national 
authorities and help in their decision-making. In the field 
of severe accidents, for example, the NEA has been 
instrumental in developing a coherent and rational policy 
which places strong emphasis on their management; i.e. 
on ensuring that early preventive actions can be taken to 
anticipate and avert accident initiation or, as appropriate, 
to intervene in its development at an early stage to 
minimize the consequences. 

• R&D projects now being established result in joint tests , 
analyses and experiments on important aspects of 
accident prevention . For example, the NEA has formu
lated a series of standard problem exercises in which 
computer codes to predict accidentai behaviour of a 
reactor system are compared against each other and/or 
against a set standard - the purpose being to build 
confidence in the accuracy of these predictions. A similar 
round-robin exercise was recently completed involving 
the non-destructive testing of reactor vessel sections 
and reactor coolant piping . This inter-comparison re
sulted in increased confidence in the testing procedures 
applied in some 14 countries and provided insight into 
the human reliability involved in setting up and conduct
ing these tests . The NEA also sponsors a joint project for 
thermal hydraulic research at the U.S. LOFT Facility, 
including a final test which was essentially a controlled 
core mel!. Another joint programme sponsored by the 
NEA examines and analyses the actual core debris of 
the Three Mile Island reactor ta learn more about core 
behaviour during severe accidents and find ways to 
prevent or mitigate the consequences. (These two 
projects are discussed in more detaillater in this issue.) 

The pressurized water reactor at Philippsburg/Rhein in the Federal Republic of Germany. 
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Fuel test rig used at the Halden Reactor, one of NEA's joint research and development projects. 

• Data from operational experience is being collected and 
analysed through the NEA Incident Reporting System 
(IRS), to identify the potential root causes of accidents 
and to devise methods to prevent minor malfunctions 
from initiating a chain of events which could lead to much 
more severe occurrences. The NEA-IRS, in operation 
si nce 1980, has rece ived reports from ail the 
320 operating reactors in the OECD area and no event 
with safety significance has escaped being reported in 
recent years . However, recent surveys have revealed 
that events reported through the IRS system have 
nevertheless been repeated in different cou nt ries , 
indicating that more attention should be paid to the 
lessons taught by this system. 

• Continuing consultations are being held between nation
al regulatory organisations to discuss the principles 
underlying regulatory measures and the impact of the 
latest scientific and technical developments on current 
regulatory requirements , to help avoid discrepancies in 
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national legislations. As a result of a meeting of senior 
nuclear regu latory authorities arranged by the NEA, 
Member cou nt ries have undertaken to inform each other 
before embarking on important new departures in 
regulatory policies and to bring about a convergence in 
national positions regarding emergency preparedness. 

These international cooperative efforts, whlch make 
practical contributions toward preventing accidents, should 
receive increased emphasis today, notwithstand ing the 
long term possibility of international safety standards. They 
are vitally needed to sustain national efforts for ensuring 
the continued use of nuclear power under the best possible 
safety conditions. In addition , it could be useful to reach 
agreement on common safety principles and practices to 
be uniformly applied . These could lay the foundation for 
more effective international co -operation in futu re and thus 
help ultimately to develop a set of credible international 
safety standards . • 
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The incentive for nuclear 
plant life extension 
P.R. Parkman 

T hroughout 1987 increased attention has been given 
to subjects related to Nuclear Plant Life Extension. 

The NEA played a leading role organising, inter alia, the 
first international Symposium on Nuclear Plant Life 
Extension in Paris at the end of February 1987, in 
co -operation with the International Atomic Energy Agency. 
The Symposium was organized to review experience in 
design and maintenance practices, to identify life-limiting 
factors in existing and future plants and to discuss the 
viability of major refurbishment as an alternative to 
decommissioning and plant replacement. 

The idea for the Symposium arose from the 
observation that differing lifetime assumptions of between 
16 and 40 years had been adopted in various studies. 
Several of these prudently assumed a 25-year life for 
financial assessments although design lifetimes were 
expected to be in excess of 30 years. Data from the IAEA 
Power Reactor Information System show that, of the 
374 power reactors commissioned up to the end of 1985, 
130 (35 per cent) had been commissioned in the last five 
years and 305 (82 per cent) had been in operation for no 
more than 15 years. If fixed lifetimes are assumed , a 
correspondingly massive replacement programme will be 
required ; 160 plants will need to be replaced by the 
year 2000 if subject to a 25-year limit , but only 69 if the 
lifetime is extended to 30 years. A small number of these 
have been taken out of operation. As most of these units 
are small , they can be replaced more economically after a 
short period of operation th an the large units built more 
recently. In the USA, a precipitous decline in nuclear 
capacity would be . expected as the 40-year operating 
licences expire, with 95 per cent of ail nuclear capacity 
being due for retirement between the years 2010 and 
2030. However, the design life of a light water reactor 
(LWR) appears to be largely nominal. Major components 
have a useful life of at least 40 years; many are expected 
to last substantially longer. Fortunately most components 
in reactor systems are replaceable , making the system 
capable of continued service until the production costs 
exceed the cost of replacement by an alternative source. 

Safety requirements do not seem related specifical
Iy to age, as accident scenarios generally encompass 
age-related causes. Modifications to meet changing safety 

Mr. Phil Parkman is Head of the Nuclear Safety Operations 
Branch of the U.K. Central Electricity Generating Board, and 
was Chairman of the OECD/NEA Symposium. 
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standards can usually be engineered , albeit at a cost 
which, in some cases , may not prove economical. In 
Europe, the Gundremmingen Unit A BWR was decommis
sioned when repair of damage after a trip from full power, 
compounded by backfit requirements to meet new regula
tory standards, was found uneconomical , particularly as it 
was not certain that an operating licence cou Id be obtained 
for longer than 10 years. In contrast , extensive replace
ment of the recirculation pipework on the 460 MW(e) Santa 
Maria de Garona BWR is an example of a major 
refurbishment programme successfully completed to ex
tend the life of a valuable unit. In some cases, output can 
be increased by enlarging the heat transfer area, for 
example by replacing PWR steam generators. At the same 
time, the availability of the reactors can be increased 
through the use of improved mate rials to eliminate 
corrosion and of improved design to decrease vibration 
damage. However, other factors are also frequently 
involved in this investment decision, such as deployment 
of resources on more cost-effective projects , as in the 
closure of the Chinon A2 Gas Cooled Unit to staff and 
service the larger PWR units at the same site. 

Several generic life extension studies are currently 
in progress. The US Department of Energy has joined with 
the Electric Power Research Institute in setting up the 
LWR Pilot Plant Life Extension Programme, involving 
utilities and plant suppliers. This programme, to be carried 
out at two U.S. reactors (Monticello, BWR and Surry l, 
PWR) , aims to identify and evaluate critical plant compo
nents and the research and development needed to 
support life extension options. A model approach to 
costlbenefit evaluation will be developed and may subse
quently be adopted by other utilities. In France, 70 per cent 
of electricity is now produced from standard PWR units, 
the oldest of which has been in operation for only 10 years. 
EdF has embarked on a four-year programme to examine 
the data available on the operational and maintenance 
history of major components , identify critical items and 
analyse the data on ageing processes. 

Although these studies are still in their early stages 
and the possibility of unpleasant surprises cannot be 
excluded , the critical components are now identified and 
progress is encouraging . Being closely related to work 
already done to optimise maintenance and inspection 
programmes, many of the prerequisites to justify life 
extension are already available, but in some cases, the 
quality of operational data still needs to be improved. 
Assessments of the containment building and the reactor 
pressure vessel, the two major components of the PWR 
that would almost certainly be uneconomical to replace, 
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already appear to be favourable . Ali but the earliest reactor 
pressure vessels , with their high phosphorus and sulphur 
content, are thought to be capable of service weil beyond a 
nominal design life of 40 years. Most new plant designs 
allow components to be replaced du ring their service life, 
enabling the CANDU 300, for example, to claim a 
1 OO-year design life although some components may only 
last 25 years. 

Assessment of life extension costs and benefits for 
a wide range of economic scenarios has shown a 
substantial economic net benefit for ail but the most 
pessimistic combination of circumstances. In engineering 
terms, the cost benefit of major refurbishment over 
decommissioning and replacement by new plant is 
therefore unquestionable. The most difficult factor in the 
investment decision is frequently regulatory uncertainty. 
The safety aspects of ageing are being vigorously 
addressed and were widely discussed at the IAEA 
Symposium on Safety Aspects of the Ageing and Mainte
nance of Nuclear Power Plants, in Vien na, in June 1987. 

NEA Update 

The need for further workshops in particular areas was 
also identified ; for example, although the ageing of passive 
components such as pipes is already weil covered by 
existing technical committees, guidelines and standards 
are still being developed for active components such as 
motors and valves. Guidelines are also needed for 
applying current safety standards for new plants to those 
already in service, taking into account uncertainties in 
actual plant operating history. Guidelines for preventive 
maintenance and a Code of practice on ageing monitoring 
were proposed ; pilot studies currentiy in progress will 
facilitate the preparation of such documents. 

ln principle then, life extension is both desirable and 
feasible, but there is a great deal of detailed work to be 
done, both generically and for individual plants, to satisfy 
safety requirements and to reduce the uncertainties that 
can undermine its obvious financial benefits. An added 
attraction is the reduction in new sites for which consents 
must be obtained, a process likely to be more difficult after 
the Chernobyl accident.. 
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The first complete replacement of ail pressure tubes at a Candu reactor was recently carried out at Pickering Units 1 and 2 in 
Canada. 
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The impact of nuclear safety requirements 
on occupational exposure to radiation 

L. Fitoussi 

A high level of nuclear safety - such as that 
achieved in OECD countries - naturally entails a 

low probability of occurrence of a severe accident, and 
also relatively high plant availability. In other words, the 
risk to the public of exposure is very slight while at the 
same time, installations can be operated under reliable 
and economically profitable conditions. It is, however, 
necessary to ensure that compliance with safety require
ments does not lead to an unacceptable increase in 
exposure of the staff working in nuclear installations. 
Indeed preliminary studies of the distribution and trend of 
radiation exposures in nuclear installations in OECD 
countries, carried out by the NEA between 1979 and 1982, 
showed that exposure levels tended to increase in certain 
installations and in certain countries. National authorities, 
who have al ways been concerned with the problems of 
occupational exposure, are taking a new approach since 
the International Commission on Radiological Protection 
(ICRP) introduced into its system of dose limitation the 
principle of optimising radiation protection practices in the 
nuclear industry*. Under these circumstances, it appeared 
advisable to undertake a study of the effect of nuclear 
safety requi rements on occupational exposure in the 
various OECD countries, in the light of the latest ICRP 
recommendations , and to propose an optimal decision
making system to help national authorities in their search 
for solutions to the problems raised by occupational 
exposure in nuclear installations. 

This work - relating exclusively to nuclear power 
plants - was carried out within the framework of a group 
of experts answerable to the NEA Committee on Radiation 
Protection and Public Health , and conducted in collabora
tion with the Agency's Committee on the Safety of Nuclear 
Installations. In the report issued at the conclusion of the 
group's work, attention is immediate~y drawn to the fact 
that constraints arising from nuclear safety requirements 
may appear to lead not only to an imbalance in the levels of 
risk to which workers and the public are exposed , but also 
to an unwarranted increase in occupational exposures. 
This may be particularly true when nuclear safety activities 
have not been the subject of a specifie comprehensive 
analysis taking into account the radiation protection of 
workers. 

Mr. Lucien Fitoussi is Deputy-Director of nuclear safety 
research at the CEA Institute for Protection and Nuclear 
Safety. He is Vice-Chairman of the NEA Committee on 
Radiation Protection and Public Health and chaired the 
Agency's group of experts responsible for conducting the 
study referred to in this article. 

* For a detailed examination of the principle of optimisation, see 
O. Ilari, The radiation protection of workers in the nuclear 
industry, NEA Newsletter, Vol . 4, No. 1, Spring 1986. 
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Safety-related activities with the biggest impact on 
worker exposures seem to be in-service inspections, 
preventive or routine maintenance and corrective mainte
nance, or backfitting. Although it is not possible to tell 
precisely, from analysing these doses, which of them are 
due exclusively to safety activities, it appears that , for 
several countries , doses of this type may reach or exceed 
50 per cent of ail exposures. The study revealed distinct 
differences in occupational exposure levels in certain 
countries , such as the United States, the Federal Republic 
of Germany and Japan, compared with others such as 
France , Sweden and Finland , where dose levels were as 
much as three times lower. 

The report includes numerous data on doses related 
to work in nuclear power plants and on dose trends in 
recent years . Among the reference sources used by the 
NEA experts, the American report NUREG-0713, Occupa
tional Radiation Exposure at Commercial Nuclear Power 
Reactors and Other Facilities, deserves to be singled out 
for the abundance and clarity of its data. The table below 
(ta ken from Volume 6 of this report) gives an example 01 
the breakdown of the collective dose in light water reactors 
in the United States, by type of activity. It may be seen from 
this table that the proportion of the annual collective dose 
due to maintenance and in-service inspection is consider
ably higher than 80 per cent. While there now seems to be 
a general trend in several countries towards a reduction of 
average annual individual doses , as shown for the United 
States by the diagram opposite (based on the same 
report) , this percentage is considered too high and must be 
reduced . 

The NEA report identifies and analyses the various 
practicàl aspects that have to be taken into account in 
establishing an optimisation procedure , and points out the 
limitations inherent in current safety analysis techniques. 
The main points brought out by the study include the 
following : 

• The high level of safety achieved today in installations in 
the Western world has been accompanied by a high 
level of exposure for certain occupational categories, 
even though , in general , doses have remained witbin the 
statutory limits. -

• There are significant differences from one country to the 
next in exposures suffered by such workers. Recent 
studies would seem to indicate that , while certain 
inspection and maintenance operations are the main 
cause of such exposures, the differences ascertained 
are due, at least in part , to variations in regulatory and 
safety requirements. 

• However, a more detailed examination of the interaction 
between safety constraints and occupational exposure 
would seem necessary, bearing in mind that salety 
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Percentages of Annual Collective Dose at LWRs by Work Function 

Percent of Collective Dose Each Year 
Work Function 

1975 1976 1977 

Reactor operations and surveillance 10.8 10.2 10.5 

Routine maintenance 52.6 31 .0 28.1 

In -service inspection 3.0 6.0 6.4 

Special maintenance 19.0 40.0 42.5 

Waste processing 6.9 5.0 5.8 

Refuell ing 7.7 7.9 6.7 

measures, which reduce the risk 01 accident in the 
installation while increasing plant availability, also help 
improve radiation protection lor workers and prevent the 
exposure which could be received du ring post-accident 
activities. 

• Any comparison 01 the advantages and disadvantages 
resulting Irom activities related to nuclear salety requires 
a quantitative assessment 01 the effectiveness 01 such 
activities. To make such an assessment, it seems 
necessary to introduce probabilistic considerations relat
ing to public and workers ' doses - whether these doses 
wi ll be avoided or are to be expected. 

• No general optimisation lormula, taking into account ail 
nuclear salety, radiation protection and economic para
meters , has yet been perfected, mainly because 01 
persisting limitations in the development 01 probability 
salety analysis techniques. However, such an approach 
to optimisation certainly seems desirable, and efforts to 
develop, in due course, the necessary analytical techni
ques seem totally justilied . 

Numerous tables and diagrams have been included 
in the report to show the occupation al exposures recorded 
in relation to very specilic types 01 activity. These data 
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1978 1979 1980 1981 1982 1983 1984 

13.3 12.2 9.5 8.9 9.4 10.1 11.4 

31 .5 29.2 35.5 36.1 27.9 29.7 26.9 

7.7 9.0 5.5 5.3 6.5 7.6 6.3 

35.9 39.4 40.6 40.5 46.8 43.9 45.4 

5.0 3.6 3.0 4.2 5.0 4.6 3.6 

6.6 6.6 6.1 5.0 4.4 4.1 6.4 

come lrom different countries and installations, thereby 
giving a broadly-based picture 01 the situation in this area. 
ln addition, to illustrate some 01 the basic technical 
aspects, the report includes several annexes setting out: 

• Three actual examples 01 work relating to salety 
constraints carried out in Italy, France and Sweden ; 

• A comparative study 01 radiation protection practices 
carried out in two nuclear power plants 01 very similar 
type (in Switzerland and the Federal Republic 01 
Germany) to assess similarities and differences in 
practices, and any consequences therelrom ; and 

• An optimisation study carried out in Canada on the 
consequences 01 an accident Post-LOCA (that is an 
accident lollowing a loss 01 coolant) , with a view to 
choosing , lrom among three options, the technique lor 
ventilating the reactor containment which wou Id lead to 
the lowest doses lor the public. 

Along with the conclusions 01 the report, the group 
01 experts issued some recommendations designed to 
draw the attention 01 the regulatory authorities to this 
particular aspect 01 the radiation protection 01 workers. The 
recommendations are also intended to encourage ail 
measures likely to lead to an improvement in the current 
situation . They concern the technical aspects lor which 
great efforts have been and continue to be made (selection 
01 materials, litting out installations, introducing robotics , 
automation and improvement 01 the technical performance 
01 in-service inspection, etc.). They also coyer decision
making procedures, which should include suitable analysis 
to ensure sufficient optimisation 01 the advantages and 
disadvantages resulting lrom ail salety decisions. 

Throughout the report , particu lar attention has been 
given to dosimetry and to the way 01 expressing doses. 
Dosimetry, which is the main indicator 01 working condi
tions and the ellectiveness 01 the measures employed, is 
also an indicator 01 the state 01 health 01 an installation. 
That is why recommendations were lormulated to encour
age harmonisation 01 dose evaluation and recording 
procedures and to promote the development 01 new 
techniques 01 personal dosimetry. Similarly, a system 01 
inlormation exchange on occupational exposures and the 
creation 01 an international data bank on doses were 
proposed . This latter recommendation , 01 very direct 
concern to the NEA Committee on Radiation Protection 
and Public Health, is to be the subject 01 study and a 
decision by the Committee in November 1987 . • 
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The Halden Project: 
Fuels and the human factor 

R. Caruso 

T he OECO Halden Reactor Project located in 
Halden, Norway, is an internationally funded and 

staffed undertaking devoted to nuclear research and 
development. It is operated under the auspices of the 
OECO Nuclear Energy Agency and is sponsored financial
Iy by Norway, Oenmark, Finland , the Federal Republic of 
Germany, Italy, Japan, Sweden, the United Kingdom and 
the United States, as weil as private associated parties. 
The Netherlands has agreed to participate for the first 
30 years until 1988. Other countries and the European 
Commission have also participated in the pasto The project 
employs a total staff of about 140 persons, including 
60 university graduates on loan from their participating 
countries. The Members recently agreed to extend the 
Project for an additional three years, from January 1988 to 
Oecember 1990. 

The Halden Boiling Water Reactor, in its nearly 
30 years of operation , has evolved from its initial goal of 
demonstrating the boiling heavy water reactor concept , 
and through a series of innovative updates, has become 
an extremely versatile test reactor. Over 280 experiments 
have been run in the reactor, covering nuclear fuels , 
thermal hydraulics, and process control development. 
Because of its spacious core design, the project has been 
able to test fuel elements that are representative of actual 
commercial and test reactor fuel from the major fuel 
suppliers. 

A computerized data handling capability , which was 
developed to accommodate the large amounts of fuel test 
data, has been the stepping stone for a second major 
project research function , namely, computerized reactor 
process control development. This area now represents 
about one-third of the total research programme and 
emphasizes the analysis of human factors and computer
based control and monitoring of the operation al aspects of 
nuclear power plants. The project has available to it a 
full-scale pressurized water reactor (PWR) simulator 
which has been adapted specificially for research use, an 
experimental control room with training facilities, and 
highly flexible work stations. 

The fuel experimental and analytical activities, 
under the project programme for 1988-1990, will evaluate 
the basic mechanisms of fuel behaviour related to design , 

Mr. Ralph Caruso is a Member of NEA's Nuclear Safety 
Division. 
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operation and safety considerations. The performance 
characteristics of fuel which has seen extended service 
under conditions similar to those in commercial nuclear 
power plants will receive particular attention through 
investigations of fuel rod lifetime performance as weil as 
through betler understanding of the separate effects 
involved. This will include evaluation of the effect of the 
material containing the fuel on the fuel temperature , the 
rate at which fission gas is released from the fuel under 
constant temperature conditions, and the corrosion and 
integrity of the material containing the fuel. To carry out this 
programme, the reactor will be operated with aboui 
110 assemblies of which up to 45 will be instrumented test 
assemblies. The development and demonstration of 
reactor instrumentation systems and the use of the reactor 
for testing and demonstration of operator aids for power 
reactor use will also have a high priority. 

The computerized man-machine communication 
work emphasizes the study of the interaction between the 
operators and the equipment in the control of nuclear 
power plants. This includes the development of systems 
for early fault detection , diagnosis and operator guidance, 
and will aim at utilizing the latest advances in computers, 
expert systems, plant simulators, and man-machine 
interfaces. The man-machine interaction research will 
concentrate on the changing role of the operator in 
increasingly computerized control rooms, validation and 
assessment of new operator aids, and the development of 
techniques for operator training , particularly as it relates to 
management of abnormal plant activities. Computer
based systems being developed to assist operators 
include early detection and diagnosis of faults , compute
rized procedure systems, the verification and validation of 
highly reliable software, and other advisory systems. The 
issue of man-machine interaction has recently received 
significant attention, because of the large factor human 
error has played in reactor accidents like those at Three 
Mile Island and Chernobyl. This research is expected 10 
provide significant benefit in understanding human errors , 
and in designing systems to minimize them. 

Finally, it is a major aim of the new programme 10 
integrate the project activities with related work carried out 
by organisations in Member countries. This is of particular 
importance in coordinating the design of critical ex
periments, exchanging research information, and inlegral
ing the use of the participants ' research facilities . Il will 
result in an efficient transfer of the results from the 
programme to the project participants and better applica
tion of them in commercial nuclear power plants .• 
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Examination of damaged fuel under 
NEA LOFT and TMI-2 projects 

G.D. McPherson 

T he NEA currently has two cooperative programmes 
to examine damaged nuclear reactor fuel. In 

cooperation with the United States, the NEA created an 
international project in 1982 concerned with research on 
improving the understanding and predictability of transient 
behaviour (a sharp variation in the specified function of a 
reactor system or component) and on enhancing the 
reliability, availability, economics and safety of pressurized 
water reactors (PWRs) . This project is being conducted by 
EG&G Idaho, Inc. in the LOFT (Loss-of-Fluid Test) integral 
test facility at the Idaho National Engineering Laboratory' . 

The LOFT facility is a 50-MW(t) PWR system 
originally designed to perform experiments related to the 
postulated Loss-of-Coolant Accident (LOCA) in a PWR; 
however it is also particularly weil suited for experiments 
and acquisition of data on operational transients and 
multiple failure events that may occur in a commercial 
PWR. The fi rst six experiments were directed at thermal 
hydraulic or system response questions, and the last two 
experiments addressed fission product release from the 
fuel and the subsequent transport of those fission products 
from the primary coolant system in a severe core damage 
scenario. 

The last and most severe test, FP-2, was a severe 
accident simulation with significant fuel damage, melting 
and fission product release. During the experiment, 
temperatures exceeded 2 100 K (3 320 OF) for at least 
4-1 /2 minutes, sufficient to release both high and low
volatile fission products. Analysis of the test data is 
continuing , but as ail measurement objectives were met, 
the final analysis is expected to produce very useful results 
for the member organizations. 

Following the successful completion of the FP-2 
test, the Project Management Board agreed that a detailed 
post irradiation examination of the damaged FP-2 test fuel 
should be undertaken. They realized that the benefits of 

Untll Oct. 1987, Dr. G. Donald McPherson was Manager of the 
OECD LOFT Programme, the Department of Energy's TMI-2 
Accident Program and Chairman of the NEA's Joint Task 
Group on TMI-2. He is now Assistant to the Director of 
Nuclear Reactor Regulation of the U.S. Nuclear Regulatory 
Commission . 

• Countries participating in the LOFT Project include : 
Austria , Finland , Federal Republic of Germany, Italy, 
Japan, Spain, Sweden, Switzerland, United Kingdom and 
United States. For more details on the OECD LOFT project see 
the article in NEA Newslelter Fall, 1985. 
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the project could be greatly enhanced if the extent of 
damage that occurred could be betler defined and 
uncertainties on peak fuel tempe rature , extent of oxidation 
and melt relocation cou Id be resolved. The Extended 
Analysis Program, which was initiated in July 1986, will 
end in September 1989 with the issuance of a final report 
encompassing the complete results of this test. 

The fuel will first be radiographed using a neutron 
beam from a specialized reactor. On the basis of the 
radiographs, the bundle will be sliced at many locations to 
expose different sections of damaged fuel and control rod 
mate rials. These sections will be polished and examined 
chemically and physically to determine the composition of 
the debris, the fission product retention, degree of ciad 
oxidation and fuel liquifaction, and other information 
significant to the understanding of su ch incidents. 

Each of the OECD LOFT Project member organiza
tions is using the results of ail the tests to assess their 
computer codes and to improve their understanding of 
reactor transients and severe accidents. Lessons learned 
from these exercises will be used to benefit the OECD 
countries through betler risk assessments, improved 
accident management strategies and updated regulations 
and siting requirements . 

The NEA programme on TMI-2 

The NEA's programme on TMI-2 is concerned with 
the analysis of samples from the Three Mile Island Unit 2 
nuciear power plant, which suffered a core-melt in 
April 1979. A Joint Task Group (JTG) oversees and 
participates in this programme in cooperation with the 
U.S. Department of Energy. 

ln the first task of the programme, seven JTG 
participants' will analyse samples from the TMI-2 reactor 
vessel. Most of the samples requested have been obtained 
from the ten core bores drilled through the consolidated 
portion of the core in July 1986. The core bores produced 
three types of materials : remnants of fuel rods remaining in 
their original geometry, prior-molten material frozen 

• Canada, France, the Federal Republic of Germany, Sweden, 
Switzerland, the United Kingdom and the CEC. 
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NEA Update 

Damaged fuel assemblies from the Three Mile Island reactor are being studled by NEA Member countries. 

around undissolved fuel fragments , and rock-sized pieces 
of completely prior-mollen material. Participants will also 
examine samples of loose debris obtained from above the 
prior-molten layer and from the botlom of the pressure 
vessel. 

Examination protocols have been established by 
each of the participating organisations. The examinations 
will include metallography, scanning electron microscopy, 
microprobe analyses, standard elemental chemical analy
ses , gamma spectrometry, fissile/fertile materials 
measurements, and radiochemical analyses for fission 
products not detectable by simple gamma spectrometry. 
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No firm schedule for completion of the sam pie 
examinations has been established, but it is expected that 
participating organisations will complete their work on the 
first shipment prior to June 1988, and that a second 
shipment may then be arranged . 

The second task of the Joint Task Group is to carry 
out an analytical programme which includes multinational 
participation in a standard exercise to evaluate the various 
severe accident calculational codes. This task is weil 
underway, and results from the analysis of the first half 01 
the accident are expected early next year, when analyses 
of the second hall will begin . • 
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NEA Update 

Radiological requirements for shallow 
land burial of radioactive waste 

S ha/low land burial is a generic term used to 
describe the burial of low-Ievel solid radioactive 

waste at or near the surface of the ground, at depths 
generally less than 20 metres in specially-designed facili
ties. The concept of disposai by shallow land bu rial is only 
valid for radioactive waste which can decay relatively 
rapidly with time, in such a way that , after a limited period 
of isolation in engineered structures accompanied by 
institutional control and surveillance measures, a shallow 
land bu rial site can be left unattended without unaccept
able radiological risks to man or the environ ment. In 
practice , shallow land burial techniques are used for 
short-lived waste of various origins such as the bulk of 
nuclear reactor wastes essentially contaminated by fast
decaying activation and fission products. 

However, the presence of long-lived radionuclides 
in low-Ievel , short-lived waste cannot always be avoided . 

The question then is to decide to what extent low 
concentrations of such radionuclides can be tolerated 
without requiring an isolation period extending beyond 
about 300 years , which is the period commonly considered 
as the maximum for institutional control measures [1) . The 
applicability of the shallow land burial concept is therefore 
linked to the limitation of long -lived radionuclides in wastes 
at concentrations at which they are of no real concern from 
a radiological stand point . 

ln order to assist national authorities in their 
discussion of the restrictions to be imposed on the shallow 
burial of radioactive waste, the Nuclear Energy Agency 
convened an Expert Group in 1984 to develop radiological 
guidance in this field , taking into account the Long-Term 
Radiation Protection Objectives for Waste Disposai pub
lished by NEA, also in 1984 [2) . The results and conclu
sions of the Expert Group have just been published [3) . 

A drawing of a shallow land burial facility shows the arrangement of radioactive waste canisters. 
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ln developing a methodology to derive radiological 
criteria for the acceptance of wastes containing long-lived 
radionuclides, the Expert Group considered that the 
establishment of total radioactivity levels for a bu rial facility 
is usually dependent on the ways in which radionuclides 
might possibly migrate from the facility into the human 
environ ment. In this respect ground water seepage 
scenarios are often the controlling factor, and as they are 
highly site specifie, it is not possible to provide numerical 
guidance in terms of total activity for any given burial site. 

On the other hand, the likelihood of human intrusion 
into the burial site after the period of institutional control 
has elapsed , is considered as a relatively generic issue; 
i.e., human intrusion scenarios are, in principle, applicable 
to ail bu rial sites. The Expert Group was therefore able to 
propose generic reference levels in terms of radionuclide 
concentrations in wastes intended for shallow land burial , 
expressed in bequerels per gram (Bq g- 1) . These refer
ence levels are consistent with dose and risk limits 
recommended by the International Commission on 
Radiological Protection (ICRP) [4] . The Expert Group, 
however, emphasized the fact that the derivation of su ch 
levels could not be based entirely on risk, since the 
probabilities of intrusion and disruptive events are also 
judged to be somewhat dependent on site-specifie con
siderations. 

The main guidance from the Expert Group on 
generic reference level values may be summarised as 
follows : 

• The suggested range of average generic reference 
levels for alpha-emitling radionuclides (excluding 
radium) is 10-103 Bq g- 1, for wastes placed within the 
Normal Residentiallntrusion Zone (NRIZ) . The NRIZ will 
typically be a few metres from the surface, depending on 
the types of construction used for residences and the 
types of foods which may be grown for family consump
tion. 
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• For wastes below the NRIZ and above 20 metres, the 
suggested range of average generic reference levels for 
this sa me group of radionuclides is 103 - 104 Bq g- 1. 

• The suggested range for concentrations of long-lived , 
gamma-emitling radionuclides is 10-103 Bq g- 1. 

Il is clearly stated in the NEA report that generic 
studies such as those carried out by the Expert Group are 
not sufficient for the selection of a disposai site or for the 
design, construction and use of any given disposai facility . 
Rather, a site-specifie safety analysis would need to be 
performed, to give consideration to other possible 
radionuclide release scenarios and to develop site-specifie 
waste acceptance criteria. The study provides guidance on 
approaches and considerations needed to establish such 
criteria. The study also illustrates some of the limitations to 
applying long-term radiation protection objectives to waste 
disposai practices . • 
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New publications from the NEA 

Nuclear Power Plant Life Extension 
(Proceedings of an NEA Symposium) 

The useful lifetime of a nuclear power plant has frequently 
been taken to be about 30 years. However, for some 
existing plants, a longer lifetime cou Id be atlained by 
refurbishing critical components to maintain safety and 
reliability standards. These proceedings review the tech
nical feasibility and economic viability of nuclear power 
plant life extension as an alternative to its early decommis
sioning and replacement. 

ISBN 92-64-02967-2 
Price : L 16.00 US$ 34 .00 FF 160.00 DM 69.00 

The Radiologicallmpact of the 
Chernobyl Accident in OECD Countries 

This report by an NEA Group of experts provides an 
assessment of radiation doses received by the population 
of OECD European countries that have been affected by 
the dissemination of radioactive material released as a 
result of the Chernobyl accident, together with a critical 
review of countermeasures applied. One of the main 
lessons learned is the need for improved preparedness to 
cope effectively with a nuclear emergency having trans
national consequences. 

(to be issued shortly) 

Implications of Nuclear Safety 
Requirements for the Protection of 
Workers in Nuclear Facilities 

The grading of requirements to ensure the safety of 
nuclear installations has resulted in an increase in the 
general level of exposure of workers to radiation. This 
report analyses the factors involved in this issue and 
examines the possibility of developing a conceptual 
approach to an optimized balance between the different 
requirements of nuclear safety and radiation protection. 

Free on request. 

The NEA Newsletter, fa Il 1987 

Shallow Land Disposai of Radioactive 
Waste - Reference Levels for the 
Acceptance of Long-Lived 
Radionuclides 

The application of basic radiation protection concepts and 
objectives to the disposai of radioactives wastes requires 
the development of specific reference levels or criteria for 
the radiological acceptance of each type of waste in each 
disposai option. This report suggests a methodology for 
the establishment of acceptance criteria for the disposai of 
low-Ievel radioactive waste containing long-lived radionuc
lides in shallow land burial facilities. 

Free on request 

Uncertainty Analysis for Performance 
Assessments of Radioactive Waste 
Disposai Systems 
(Proceedings of an NEA Workshop) 

Uncertainty analysis techniques provide both quantitative 
and qualitative information or predictions made of the 
long-term performance of radioactive waste disposai 
systems, using computer models, thereby indicating the 
level of confidence in the results. These proceedings 
present the findings of a workshop organised by the NEA 
to develop a betler understanding of the available methods 
for carrying out uncertainty analyses and to formulate 
general recommendations on their use, based on experi
ence to date. 

(to be issued shortly) 

The International HYDROCOIN Project 
- Background and Results 

The HYDROCOIN Project (Hydrologic code intercompar
ison) is concerned with the assessment of groundwater 
movements at potential nuclear waste disposai sites with 
the help of mathematical models and computer codes. 
This report summarises the background and objectives of 
the Project and presents the results of the work performed 
up to the middle of 1987. 

Free on request. 
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