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lurther the development of nucleor 
energy by sponsoring economic, 
technical and scienlific studies and 
projects, and by contributing ta the 
optimisation of salety and regulalory 
policies and praclices. Il currently 
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The Czech Republic and 
Hungary jain the NEA 

On 27 June 1996, 
the OECD Council 

approved the 
membership of the 

Czech Republic and the 
Republic of Hungary in 

the Nuclear Energy 
Agency and its Data Bank, 

thus making them 
the twenty-sixth and 

twenty-seventh Members 
of the Agency. 

The Czech Republic 
joined the OECD itself on 

21 December 1995, and 
Hungary did so on 7 May 
1996. In the process of 
joining the OECD, both 

countries formally 
indicated a desire to join 

the NEA and its Data 
Bank. At its meeting on 

23-24 April 1996, the 
5teering Committee for 

Nuclear Energy decided to 
recommend to the OECD 
Council that it approve 

membership of each 
country in the Agency. 

T
he Czech Republic and 
Hungary are no su"ange rs to 
the NEA. Both belonged to the 
OECD 's "Partners in Transi

tion" programme, which was set up 
in 1991 to help certain countries 
prepare for eventual membership in 
the OECD. ln this capacity, each co
operated with the NEA through the 
OECD's Centre for Co-operation with 
Economies in Transition. In addition, 
the Czech Republic and Hungary 
have been invo lved in the Halden 
Reactor Proj ect and both countries 
are participating in the NEA's Inci 
dent Reporting System and Informa
tion System on Occupationa l 
Exposure. 
ln rece nt years the NEA Stee ring 
Committee has become increasingly 
conce rned about maintaining the 
particular strengths and the unique 
character of the Agenc y, and has 
recogni sed that to do so it is 
necessary to be cautious in expanding 
the membership of the Age ncy. To 
this end , th e Steerin g Committee 
sought and achi eved Council 
approval in July 1995 of an 
amendment of the NEA Statute 
providing for a separate decision by 
the Council, on the recommendation 
of the Stee ring Committee , with 
respect to requests for NEA 
membership from OECD countries. 
This amendment gives the 
Commit tee a pivo tai role in new 
memb ership decisions. The Czech 
Republic and Hungary are the first 
countries affected by this change in 
th e NEA Statute. Steering Committee 

consideration of their possib le 
membership was based on informa
tion provided by NEA Sec retar iat 
teams that visited Prague and 
Budapest. The fact that th e two 
countries succeeded in becoming 
members of the Agency is an indica
tion that th e Committee considered 
them we il qualified and able to 
contribute to the Agency's work. 
Membership of these two countries 
in the NEA is also particularly 
significant because they are the first 
Member countries from the forme r 
Sov iet Bloc and are th e first NEA 
memb ers whose nu clea r power 
programmes invo lve only Soviet
designed reactors. In addition, their 
programmes were based on different 
safety standards and legal frameworks 
that exist in the West , and this 
hi stori cal situation has required 
considerable adaptation on their part 
in recent years in order to put them 
in a posit ion where they cou Id jo in 
an organisation like the NEA. 
The nuclear profi les of th e Czech 
Republic and Hungary are similar. 
Both opera te VVER 440/2 13-type 
nuclear power reactors. The Czech 
Republic has four operating reacto rs 
of this type at Dukovany that provide 
about 30 per cent of th e country's 
elec tricity. Two VVER-1000- type 
plants are under constru ction at 
Temelin and once on line, 45 per cent 
of electrici ty will be pro vided by 
nuclear powe r. In Hungary, the Paks 
nuclear power plant, with four 

• Mr. Sam Th ompso l1 is Actil1g Di recto r-Gcl1eral 
of the NEA . 



reacLOrs, pro\'ides 42 pel' cent of the 
cou lllry's electrici ty needs. In add i
ti on, the Czech Repub li c has three 
operat iona l researc h/trainin g reac
tors, and Hungary two. 

ntil the breakup of the Soviet 
Un ion, both the Czech Republic and 
Hunga ry reLUrned spent nuclear fu el 
to the USSR. In 199 1, th e Czech 
Republic commissioned a radioacti
ve waste trea tment facility, includi ng 
col lectio n, treatment and on-s ite 
storage at the Duko\'any nuclear 
plalll. Construction has begun on a 
regi ona 1 was te disposai fac il i t y, 
including a dry interim storage faci
lit y for spelll fue l The capacity of 
spcnt fue l ponds at nuclear power 
plallls is also being increased. Low
le\'el waste from sources othe r than 
power reaClOl"S is sent to the Nuclear 
Research lnst itut e Rez (N RI) for 

• The Czech Republïc and Hungary jaïn the NEA 

treatme nt and to a shallow-land 
burial site. 
Hun gary ha s had a national 
radioactive waste management project 
since 1993, concentrating on low and 
intermediate level wastes, primarily 
originating from the Paks power 
plant. ln 1976 th e Hunga rian 
authorities established a rad ioactive 
waste manage ment and di sposa i 
sta ti on that accep ts waste Irom 
industry, hosp itals, agriculture and 
research institutions as weil as a 
limited amount of low-Ievel waste and 
imermediale-level waste from Paks. 
Both countries are studying solutions 
for both high-level radioactive waste 
and spe nl fuel man ageme nt , 
including deep-geological disposai 
sites. Coherent strategies related to 
the back-end of the fuel cycle are also 
being sought for the future. 

There are IwO uranium mining 
ce ntres in th e Czech Republi c in 
northern Bohemia and western 
Moravia. Current production is 
expected to meel the needs of the 
country untilthe yea r 2000. Hungary 
has one ope rating uranium mine 
from which ore is shipped lo Russia 
for the fabrication of fuel elemems. 
Howeve r, as th e mine is ex pected to 
close, Hunga ry will continu e to 
purchase fabri ca ted fuel elements 
from Russia. Efforts are also under 
\Vay to increase stocks of fresh fu el 
to a\'o id dependence on one supplier. 
Responsibility for nuclea r energy 
matters in th e Czech Republi c lies 
with the Ministry of Induslry and 

Overall view of the Temelin 
Nuclear Power Station in the 
(zech Republic. 
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The Czech Republic and Hungary join the NEA • 

Trade (MlT) and the State Office for 
Nucl ea r Sa fety (SONS) The MIT is 
responsible [or the deve lopment and 
use of nuclear energy, treaties, co 
operation on emergency prepared
ness and environmental protection , 
and for domestic legislation. The 
SONS, an independent bod y, is 
responsible for rad iation protection , 
nu clear safe ty, radioacti ve waste 
management , and lice nsing, and is 
establishing an emergency crisis centre. 
Based on legislation ta be passed 
during 1996, the Hungarian Atomic 
Energy Commission (HAEC) wi ll be 
the co -ordinat ing and decision
makin g bod y in th e area of aromic 
energy The Hungarian Atomic 

The Pa ks Nuclear Power 
Station in Hungary provides 
42 % of the country's 
electricity needs. 

Energy Authority (HAEA) will be the 
functional arm of the HAEC and will 
be responsible [or lice nsing , 
construction , operation, decommis
sioning, site release, waste disposaI 
site operation, site inspection and the 
enforcement of nuclear legislation. 
Both the Czech Republic and 
Hungary are strong proponents of 
nuclear non-proliferation. Both are 
parties ta the Non-proliferation Trcaty 
(N PT) and have in place the requisi te 
safeguards agreement with the IAEA 
Both countries are also parties ta the 
Convention on the Phys ical Protecti on 
of Nue/ear Material , the Convention on 
Early No tification of a Nue/ ea r 
Acc ident , and th e Convention on 
Ass istan ce in th e Case of a Nue/ ea r 
Accident or Radi% gical Emuge ncy 
Both the Czech Repub li c and 
Hunga ry have ratified the Convention 
on Nue/ear Safety. The Czech 
Republic and Hungary have both 

acceded ta the Vienna Convention and 
are also parties ta the Joint Protoco/ 
on Third Party Liabil ity Funhermore , 
bo th co un tries have bi laleral 
agreements with a number of NEA 
Member coumries, and are members 
of the IAEA and th e Associatio n of 
Nuclear Regul ata ry Bodies of 
Countri es Opera ting VVE R-t ype 
Reactars. 
The Czech Republic's adoption of the 
Law on peaceful Uses of Nue/car Energy 
and lonising Radiation, also cal led th e 
Nue/ca r Act , is anticipated in 1996 
ln Hun ga ry a new drafl Ato mi c 
Energy Act , to replace th e 1980 Act 
on Nue/ea r En ergy , is being prepared 
ta define th e functions of the HAEC 
and the HAEA, and addresses issues 
suc h as reactar safety, radiatio n 
protection and thircl party li ab ility 
The NEA we1comes its new Members 
and looks forwarclto their valuable 
contributions ta the Agency's work. • 



o. Ilari and E. Lazo* 

The Chernobyllessons: 
An N EA perspective 

Several years after 
the Three Mile Island 
accident in 1979, the 

Chernobyl accident 
completely changed 

society's perception of 
nuclear risk. While the 
first accident provided 
the impetus to develop 

new research programmes 
on the safety of nuclear 

reactors, the second, with 
its human death toU and 
the dispersion of a large 

part of the reactor core 
into the environ ment, 

raised a large number of 
problems of IJmanage

ment", not only for the 
treatment of exposed 

persons, but also for the 
decisions that had to be 

taken affecting the 
population. 

T
he tenth anni ve rsa ry of the 
acciden t appea red to be th e 
right moment to review the 
sta tu s of kn owledge o[ the 

acc ident impact , and to assess the 
degree to which nat ional authorities 
have im plemented the lesso ns th at 
the Chernobyl acc id ent taught us. 
A review entitled Cherl1 obyl: Tell Years 
011 - Radiologica l al1d Hea lth Im pact , 
was therefore prepared by the NI A 
Committee on Radi ation Protection 
and Publi c Health, not onl y to 
present an objective assessment ten 
years on From the acci dent as to the 
state of the contaminated te rri tori es 
and the health of the inhabitants, but 
also to attempt to assess the ri sks to 
be expec ted for man and his 
env ironmen l. Th is rev iew does not 
end there , and goes on to revievv the 
lessons learned From the experi ence. 

What went wrong? 
The sca le and seve rity of the 
Chernobyl accident took most 
nat ional authoriti es responsible for 
emergency preparedness by su rprise 
No provisions had been made for an 
accident of such sca le and, though 
some radiation protecti on authorities 
had criteria ava ilable for intervention 
in case of an accident , th ese we re 
o[ten inco mp lete and provided little 
practical help in the circum stances . 
ln addition , especially ea rl y on in the 
course o[ the accident , there was little 
information ava il able, and consider
able political and public pressure was 
exened on the decis ion-m akers. ln 
th ese circumstances, ca uti on was 

necessa ry, and measures were 
introduced th at tend ed to err, 
sometim es excess ively, on the side of 
prudence rat her th an be gUided by 
in[ormed sc ienti [ic and expe rt 
judge menl. Finally, drawbacks and 
planning errors were also obse rved 
in th e tec hni ca l fi eld , parti cul arl y 
concern ing measurement and sampl
ing method s, data management , 
agriculturaltechniques, etc. 
It is ge nerall y recognised tha t the 
Chern obyl acc id ent was large ly the 
res ult of a seve re lack o[ so-ca ll ed 
"sa[ety culture" in th e Soviet nuclear 
estab li shment. Similarl y, it cou td be 
said that th e inadeq uate or debatable 
managemen t of t he accident conse
quen ces in most co untries was th e 
product of a widesp read lack of 
"emergency culture" in the radiat ion 
protec tion and publi c hea lth 
co mmunit y 
Thi s crit ical judge ment can be 
su bsta n t iated by exa min ing th e 
obse rved mismanagement and lac k 
of preparation From th ree diffe rent 
viewpoints: conceptual, technical and 
organisat iona l. 

The co nce ptual angle 
Before the Chernobyl accident , there 
was plenty of international guidance , 
on th e princ iples and criteria for th e 
protecti on of th e public in the eve nt 
of a nu clear acc id ent , in particu lar 
by the Internationa l Co mmi ssion on 

* Dr. OS\,Clld" IICln is DCI'/lly Hcad oI l!Je NEA 
RCldlClllOIi ProlallOll Cllld R(ulioCloi\'c Il'ClSlc 
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The Chernobyllessons: An NEA perspective . 

Radiologica l Protec ti on ([CRP), the 
International Atomic Energy Agency 
(lAEA), th e World Health 
Orga ni sation (WH O) and the 
European Commi ssion (EC) 
Everyone, in cluding the Soviet 
Uni on, was thinkin g and planning 
on the bas is of this guidan ce. 
Howeve r, th e rea lit y of Chern obyl 
fOl" Ced peo ple to rea lise that th e 
existing principles and criteri a had 
bee n inspired by a narrow view of 
what a nuclear accident cou Id be, and 
were only applicable to the definition 
of protec ti ve measures for near-field 
and short-term consequences . Th ey 
were obviously inadequate to manage 
th e va ri ety, geographical ex tension 
and extensi,'e duration of the impact 
of an acc ident li ke ChernobyL 
This hadt wo negative consequences. 
On th e one hand , although short
term counterm easures within th e 
form er Sovi et Uni on were mass ive 
and , in ge nera l, reaso nabl y tim ely 
and effec ti ve , di fficulti es emerged 
when the authorities tried to establish 
criteria fo r the management of th e 
contaminated areas and the 
relocation of large groups of people 
for an indefinite, and probabl y ve ry 
long period of time. Various 
appro ac hes we re proposed and 
different criteri a we re applied ove r 
th e yea rs. Eventu all y, criteri a for 
population resettlement or relocation 
From co ntaminated areas we re 
adopted in which radiation 
protec ti on requirements and 
econom ic com pensation considera
tions were intermin gled. Thi s was 
and still is a source of confusion and 
possibl e abuse. 
On the other hand , the widespread 
contaminati on of th e ag ricultural 
environm ent and food chains, 
toge ther with the present wo rld 
stru cture of co mm ercial exchanges 
whi ch large ly reli es on food trade, 
crea ted major and long-l as tin g 
diffi culti es for ail co untri es. It was 
actu all y onl y in 1989 that an 
agree ment on gU ideline levels for the 
radioactiv it )' level of foo d in 
interna tiona l trad e \Vas reac hed 

un de r th e aegis of the Food and 
Agricultu re Organisa tion (FAO) and 
th e WH O. 
Anoth er source of probl ems, 
es pec iall y in terms of relation s 
betwee n public authoriti es and 
publi c opini on, was th e large 
di ve rsity of intervention criteria and 
protecti ve actions applied in different 
co untri es. One of the principal 
reasons fo r the va riety of situati ons 
obse rved stems From th e different 
criteri a adopted for th e choice and 
applica ti on of intervent ion leve ls for 
th e impl ementation of pro tec ti ve 
ac ti ons. These discrepan cies we re 
furth er in creased by the ove r
whelming role played in many cases 
by non-radiological factors, such as 
socio-eco nomic, politi ca l and 

psycholog ica l. iD deLe rmioiog lhe ~ ~'!l;rW""'~. 
countermeasures . ~ i ~~. 
Thi S situati on cau sed co nce rn and :5 " . 
co nfusion amon g th e publi c, . ~ 
perpl ex it )' among ex perts and ~ 
di fficulties for national auth oriti es , ~ , _ _ . _ ... ~ __ 
especia ll y in maintaining th eir ~ 
credibil ity .E 
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The technical angle cg 
From the technica l and ope rational .:; 
viewpoint , severalthings went wrong 
and stilliack a satisfactory solution. 
The fo llowing examples may help to 
explain the situation beller. 
A number of plant staff , as we il as 
fi re brigade and medi cal perso nn el 
who we re on the site during the first 
hours of the acc id ent , received such 
high radiation doses that they rapid ly 
becam e very ill. Th e spec iali sed 
medi caltreatment provid ed to them 
was ve ry intensive, making use of ail 
ava ilabl e medi ca l knowledge and 
resources. ln particular, a number of 
th em we re give n bone-marrow 
transpl ants, which \Vere consid ered 
as poss ibl y life-saving. Unfortunately, 
these operati ons we re unsuccess ful , 
and alm ost ail th e patients di ed 
with out any sign th at th e bone
marrow graft s had taken. Th e 
physicians in charge of the treatment 
we re fo rced to conclude that bone
marro\\' transplants can on l)' play a 

~ ;::., . 

very limited role in th e treatment of 
irradiated persons. 
Once the accident had occurred, there 
was a general consensus that radio
epidemiological studi es should be 
carried out on th e populations 
affected , and on th e several hundred 
thousand so-called "Iiquidators" who 
worked on thc recovery and deconta
mination operation s. Several studies 
of this kind are in fac t under way, 
largely und er th e spon so rship of 
international orga ni sations , but 
unfortunately th eir value could be 
impaired by th e low qualit y and 
reliability, or even the non-exi stence 
prior to the acc ident , of national or 
regional ca nce r rcg istri es . Lack of 
preparation of thi s kinel co uld have 
been obse rve d in many other 
countries, however, if thcy had been 
affected b)' an acc ident of this severity. 

"'!{Jt:. __ 

The cr iteria and preparation for th e 
adm ini stration of stable iodin e to 

block the uptake of radioiodine by 
th e th yroid offered ano th er exa mpl e 
of inadequat e management. Th e 
app li ca tion of this cou nterm eas ure 
was in co nsistent throughout co un
tri es, both in terms of the choice of 
the right tim e and dosage to be 
administered, and in term s of th e 
criteri a to initiate such an act ion. 
ln general , with the notable exception 
of spec iali sts in charge of hi ghl y 
i nad iated persons , th e med ica l 
co mmunity in the va rious countri es 
showed a large defi ciency in its 
inform ati on and tra in ing, and in th e 
criteria necessary to advise th e public 
on th e ri sks in curred and th e 
precaut ions to be taken. 
Rad iati on protection spec ia li sts 
th emse lves were not immune From 

• The Chernobyllessons: An NEA perspective 
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View of the damage caused 
by the explosion and fire at 
Chernobyl-4 reactor. 

criti cism in the aft erm ath of the 
accident An example in this area was 
the lack of consistency shown in the 
management of the radiologica l data 
res ultin g From th e environm ental 
monitoring programm es that we re 
run during and after th e acc ident. lt 
rapidly became impossible therefore , 
in many countries , to d istin gui sh 
between officia l, val id ated data and 
other, sometimes contradictory data. 
Thi s co ntributed to th e co nfus ion 
and disorientati on that ai l co untri es 
ex perienced du rin g the acc id ent. 
Finall y, th e substantial an d lon g
lasting contaminati on of agri cultural 
land and products over a ve ry large 
area raised a seri es of new problems 

ln fac t, in sufficient knowledge and 
expe ri ence we re ava ilable on 
meth ods and tec hniques for soil 
decontamination and the reduction 
of radioact ivity uptake by the cro ps. 
A parti cul ar problem was the 
relativel y high contamination of 
forests Beca use of the filt erin g 
characteristics of trees, the ecological 
pat hways in forests exhibited high 
concentrations of radionuclides with 
increased risks, both , from the 
resuspension of radioactivity in th e 
event of forest fires, and from the use 
of th e forests as a so urce of timber, 
wild game, berries and mushrooms, 
as we il as places for work and 
rec reation . 

The organisational angle 
Thi s is th e area where th e lack of 
preparation for th e management of 
a large acc ident was the most evident, 
and several things went wrong. First 
of ail , wi th th e exce ption of a few 
bilatera l agreements between adja
cent countries , there were essentiall y 
no international provisions for 
dea ling with th e transboundary 
im pli ca tions of a nuclear accident . 
Difficulties were not only experienced 
at th e int ern ational level. At th e 
nati onall eve l also, there were man y 
reaso ns for criti cism, and the 
controversy was largely publici sed 
by th e medi a. One basic drawback 
in th e emerge ncy prepared ness in 
almost ai l countri es was the fact that 
existing provisions and plans focused 
on dom es ti c so urces of potential 
acc idents. No plans ex isted to cope 
with th e wides pread impact of 
radi oact ive releases co min g from 
foreign , and possibly distant sources. 
As a consequence , improvisation was 
the main feature of public authorities' 
reacti ons to the Chernobyl acc ident. 
Moreover, the lack of c1ear attribution 
of res pon sibiliti es betwee n th e 
different authorit ies and tec hni ca l 
institutions was a significant source 
of co nfusion. 
Methods for com municating with the 
pub li c and th e media , and fo r co
ordinatin g such communicati ons 
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The Chernobyl lessons: An NEA perspective . 

were generall y not in place , and the 
media and the public rapidly became 
aware of a certain co nfusion, and 
therefore suspicious of the valid ity 
of "offi cial " information. 
Finall y, th e authoriti es in many 
counrries made significanr errors in 
dealin g with th e psyc ho logica l 
reactions of th e public. These 
reactions we re, and continue to be 
particularl y seve re in territories of 
th e form er Soviet Union , where the 
psychologica l impact expresses itse lf 
not only in terms of stress , anxi ety 
and mist rus( of gove rnment and 
politicians, but al so in terms of real 
psychoso mat ic di sturbances . 
Psycho logical effec ts in oth er 
countries we re much less severe, and 
took th e form of social reac tions 
rather th an psyc hoso malic sy mp
toms. Increased opposition to nuclear 
energy and publi c mi stru st of 
authorities and other offi cial sources 
were th e main features outside th e 
former Soviet Uni on. 

What have we learned? 
The accident did not affec t aIl 
cou nt ries in the same way Therefore, 
not ail the lesso ns learn ed were 
app lied with th e sa me emphasis 
unive rsa lly 

Ope rational aspects 
The Chernobyl acc ident was one of a 
kind , and , alth ough it highlighted 
deficiencies in emergency prepared
ness and radi ation protection , it 
should not be seen as the reference 
accident for fu ture emergency 
planning purposes . 
We have no w learn ed that areas of 
ove rlapp ing res ponsibili ty and 
jurisdiction need to be clearl y 
es tabli shed pri or to any acc ident. 
Permanent infrastructure also needs 
to be in pl ace and maintained for 
efficient implementation of protecti ve 
measures. Such infrastructure has lo 
include rapid co mmunicati ons 
syslems, co-o rdin ated dec ision 
structures , interve nti on tea ms and 
mon ilorin g nelwo rks. In this area, 
man )' countries have eS lablished, or 

significa nrl y enl arged their environ
mental monitoring ca pabiliti es 
Logisti c aspects associated with 
intervention plans, such as stabl e 
iod ine distribution and evacuation , 
obviously need to be in place and 
rehearsedlong before an accident , as 
they are too complex and tim e
consuming to be implemented during 
th e shon time ava ilable durin g the 
evolution of the accident. Intervention 
actions and the levels at which they 
shou ld be introdu ced need to be 
agreed upon, prefe rably internationall y, 
and incorporated into emergency plans 
so that they can be immediate ly and 
efficient ly implemented 
Th e Chernob yl acc id ent al so 
demonstrated the need to i nclude the 
possibility of transboundary implica
ti ons in emergency pl ans. The 
conce rn that an y country cou ld be ~ 

affected not only by nuclear accidents :ii 

occurring on its territory, but also by ~ 

th e co nsequences of acc idents ~ 
happening abroad , encouraged the ~ 
establishment of national emergency ~ 
plans in several countries. 
The rea lisa tion of the transboundary 
nature of contamination From a major 
acc id ent prompted internat ional 
orga nisati ons to refin e and clarify 
lheir guidance on interve nti on 
criteria, to promote internati onal co
ope rati on and communi ca tion, and 
lO deve lop internati onal emergency 
exercises, such as those organ ised by 
lhe NEA in its lnternati onal Nuclea r 
Em ergency Exercise (l NEX) Pro
gramme. Such international 
emerge ncy exe rcises , From whi ch 
numerous lessons can be lea rned, will 
continue to be carried out in th e next 
few yea rs. 
ln the area of interve nti on crileria, a 
sub stanti al imp rove ment was 
achieved through the ICRP's updating 
of its concepts and intervention Ievels 
for short -term and long- ter m 
co untermeas ures, and lhe IAEA's 
ope rational guid ance fo r th e 
implementa lio n of these. 
One of the international community's 
major acco mplishments \Vas lhat 

ag ree ments were reached on early 
notification of rad iological acc idents 
and on assistance in radi ological 
emerge ncies through intern ational 
co nve nti ons under th e aegis of the 
IAEA and the EC Furthermore, in 
ord er to fac ilitate co mmuni catio n 
with the publi c on th e seve ril y of 
nuclear acc idents, th e Internati onal 
Nuclear Event Scale (IN ES) was deve
loped by the IAEA and lhe NEA , 
and has bee n adopted by a large 
number of countries. 
The accident provid ed th e stimulus 
for an international agreement on the 
co ntamin ati on of food mov in g in 
internationaltrade , promoled by the 
WHO/FAO. Th e monitorin g of 
imported food was one of th e first 
co ntrol measu res in stituted, and 
co ntinues Lü be perform ed 
Publi c press ure al th e time of the 
Chern obyl acc ident emphasisedlhe 
need for pub lic info rm ati on. In 
addition, the roles of com munication 
and co-ordin al ion in aIl areas of 

, 

emergency planning, preparation and 
manage ment programm es are now 
see n as central, both at the national 
and internationallevels. 

Scientific and technical aspects 
Pr ior Lü the accident , it was felt that 
fl ora and fauna were relati ve ly 
radio resistant. Thi s was supported 
by the fact tha t no lethal radi o
ecological injuries were noted after 
th e acc ident except in so me f orests 
close to the Chernobyl sile. However, 
th ere are ce n ainl y still eco logica l 
lesso ns to be lea rned. 
Pl ant foliar and root uptake is being 
studied, as are resuspension and 
weath erin g. The ex tensive whole
body monito rin g of radi oacti vity in 
persons unde rtaken after the accident , 
in conjunct ion with the measurement 
of grou nd and food contamination , 
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The sarcophagus protecting 
the destroyed Chernobyl-4 
reactor. 

allowed refinement of the accuracy 
of th e models for hum an dose 
assessment f rom ex posure through 
different path ways. Meth ods and 
techniques Lü handle contamination 
of food , equipment and soil have been 
improved, although work is still 
needed in this area. 
Meteorological aspects, such as the 
relationship between deposition and 
precipitation, have been shown to be 
important , especiall y in the develop
ment of more realisti c models. Other 
effect s of the acc id ent on model 
refinement include th e improvement 
in und erstandin g th e move ment of 
radi onu clid es in so il and biota, 
pathways andtransfer fac tors, and 
the effec t of rain Slorm s and long
range po llu tion transport mec ha 
nis ms. Mo re uniform meth ods and 
standards have bee n deve loped for 

the measurement of radionuclides in 
environmental samples. 
ln the case of high levels of exposure, 
the importance of sympLümat ic and 
proph ylac ti c medical an d nursing 
procedures was demons trated, as 
we re th e disa ppointing res ulls of 
bone-marrow transplants. 
There is a need Lü se t up sound 
epidemiological studies Lü investigate 
potential health effects, both aCLlte and 
chroni c. In the Chernobyl case , the 
lack of routinely coll ected data , such as 
cancer registry data , led to dilTiculties 
in organising appropriate epidemio
logica l in ves ti gations in a timely 
manner. There appears to be a need to 
develop and maintain a routine health 
surveillance system within and around 
nuclear facilities. Finally, although this 
is outside the scope of this article, it 
is worth ment ioning that the accident 
led to an ex pansion of research in 
nuclear safety and the management of 
severe nuclear acc idents. 

Conclusion 
The Chernobyl accident encouraged 
national authorities and experts to 
radically review their understanding 
of, and attitude towards, radiation 
protec ti on and nucl ear emergency 
issues. This has led to an expansion of 
know ledge in the area of rad iat ion 
effects and their treatment , and Lü a 
revitalisation of radioecological 
research and monitoring programmes, 
emergency procedures , and criteria 
andmethods for public information . 
Mo reove r, a substantial role in these 
imp rove rnents was played by 
mul tiple, international co-operation 
initiati ves, includi ng revision and 
rat ionalisation of radia ti on pro
tection cr iteria for the management 
of acc ident consequences, as weil as 
reinforce ment or creation of inter
national com m unication and ass ist
ance mec hanisms to cope with the 
transboundary implications of poten
tial nuclear acc idents* _ 

* T hi s arti c le \V as o ri g in a ll )' prese nt e d 
as a pa pe r to th e Int e rn a ti o na l Co nfe r
e n ce "lO Anni d a C h e rn o b )' l" in Tri es te 
( It a l)'), o n 4-6 Marc h 1996 . 
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K. Hesketh, M. Salvatores, G. Schlosser, E. Sartori* 

PLutonium recycLing 

Plutonium is 
produced in all nuclear 

power reactors operating 
today. Sorne is burned 
during the operation, 

thereby generating part 
of the power, which can 
approach 50 per cent. A 

pressurised-water reactor 
with a 1000-MWe 
installed capacity 

typically discharges in its 
spent fuel about 250 kg 

of plutonium for each 
year of operation. 

The commercial operation 
of nuclear power 

worldwide has produced 
so far about 750 t of 

plutonium discharged in 
spent fuel. A fraction of 

it (about 150 t), has 
been separated through 

reprocessing. Whether or 
not this plutonium is 

used as an energy 
resource, it must be 

protected and managed. 

T
he plutonium discharged 
canies a characleristic isotopic 
co mposition ca ll ed "reactor
grade". Plu to nium is also 

produ ced in so me countries for 
military app lica ti ons in reactors 
designed speci fi ca lly for this purpose. 
This plutonium has a different iso
topic characteristic ca lied "weapons
grad e", and has a ve ry hi gh concen
trati on of fi ssile iso topes compared 
to "reactor-grade" pluton ium . 

Plutonium production and 
inventory 
The stockpile of plu to nium From 
spent fu el wi ll co ntinue to grow 
durin g th e co min g years. The 
dismantlement of pan of the nuclea r 
weapons arsenal, and the conversion 
of the resulting fi ss il e materials fo r 
use in th e civil fuel cycle increases 
the stock even furth er. This stockpile 
must not be al lowed to increase 
indefinitely, but must be reduced and 
stabilised. This ca n be achi eved by 
seve ral options at lhe back-end of lhe 
[uel cycle 
- th e once -through cyc le with 

permanent disposai of spent fuel 
with its plutonium co nten t; 

- the once- through cyc le wi th 
relri eva bl e storage of spent fu el 
pending dec isions on th e 
treatment of spent fu el; and 

- the recycling of the spent fuel. 
This article addresses specific aspects 
of the third opt ion 

General considerations 
The future shape of the nu clea r 
industry, worldwide, wi ll be strongly 

inrtuenced by three major considera
ti ons: economics, op tim al use of 
finite resou rces , as weIl as enviro n
mental impact and waste manage
ment. 
The man agement of spent fuel [rom 
nucl ea r reacto rs is crucia l to ail of 
these areas. There is a large number 
o[ op ti ons for spent- fue l manage 
ment , ranging [rom in te rim sto rage 
followed by direct disposaI o[ the 
intact fuel asse mbli es, lO chemica l 
reprocessing of spent- [uel assemblies 
and recyc ling of some or ail of the 
fi ssile mate rials recove red, in either 
thermal or fas t reac tors or via a 
co mbin ation of both. There is at 
present no option clea rl y accepted as 
the best one, and there is a tendency 
fo r each co untry, and indeed each 
nuclea r utili ty vvithin a country, to 
have its own viewpoint and its own 
preferred strategy 

Economics 
There is generally increasing pressure 
on nuclea r power to be economica ll y 
competiti ve wi th ot her large -sca le 
energy sources , such as coa l, oil and 
gas. Developments, such as improved 
coal-burning systems and co mbined 
gas-cycle powe r pl ants , are changing 

• Mr. Ke vlI' Hcs ll fth 's TrCh'"Uli SUl'pOri 
Manager ill the LIVR Bus.lless Unll, Fuc/ D,\'isi,,,, 
of BNFL. United Killgdo t1l . ~ / .. M""",,,, 
Sa/v alo re s is Direclor of Rncarch, N"duil 
Rêaclor Di rcClO rat c, CEA, Frunce. Mr. Gerl",,,/ 
Sc/llosse/" is DCflllly Direcwr o{ Ihc N"clcar F"c! 
Cycle Deparlt11flll (Dcsigll alld Ellgll',ct'llg) , 
Siet11clls/KIVU, Gcr",any. Mr. Enrl<o Sarton l' 

a member of Ihc EA I\! "d,a.· SCICll'" 

Divisio n/ Dai a Banl1 . 



the economics of the foss i! sector and 
in creasing the pressure on nuclea r 
util iti es to red uce cap ital and 
operatin g cos ts wh ile not compro
mising safety. 
Th e cho ice of a spe nt-fuel 
manage melll strategy has a mod est, 
but nevenhe less, signi fi ca nt impact 
on ove rall generation costs. Spent 
fuel management normally consti
tutes abou t 15 per cent of the fu el
cycle costs of a thermal reactor such 
as a pressurised-water reactor (PWR), 
or a boiling-water reacto r (BWR), 
al though it can be substantially large r 
in countri es whose proj ected costs of 
waste-ma nagement faci lities are 
particularly high. Alth ough spent -fuel 
costs are very large in absolute terms, 
th eir impact on overal l ge nerati on 
costs are ve ry modest , bea rin g in 
mind that the fuel-cycle cost 
co mp onent of modern PWRs and 
BWRs lypically represellls only about 

20 per cent of the overa ll cost (th e 
other 80 per cent being made up o[ 
capital charges for the n uclear power 
plant, which is the domi nan t cost and 
ope ratin g and deco mmission in g 
provisions). A comprehensive and up
ta-date account of fuel-cycle costs was 
pub lished in 1994 by th e Nuclea r 
Energy Agency, in a report entitl ed 
Economi es of the Nuc/ea r Fu el Cycle. 

Resource utilisation 
Ano th er factor wh ich is beco min g 
increas in gly important is th at of 
making the bes t use of the world 's 
finite energy resources. Th e impor
tant considerations here are increas
in g power-p lant effi cie ncy, energy 
conserva ti on, improved energy 
efficiency and impro ved fu el 
utilisati on. 
The spent-fuel management strategy 
[or which a nuclear utility opts in the 
context of national policy has a direct 

• Plutonium recycling 

in n uence on resource uti 1 isa ti on. A 
once -through thermal reactor fu el 
cycle with ultimate direc t disposa I of 
spent fu el makes th e leas t effi cient 
use of the original uranium ore. The 
opini on of so me co untri es and 
uti lities is that , with the current 
abundance of relati ve ly cheap 
uranium reserves, the direct-d isposaI 
op ti on is for them the most 
favourab le. Such a jud ge ment 
depends on a var iety of strategic 
facto rs whi ch va ry both geograph
ica ll y and with time , such as the 
ava il ab ility of indi ge nous uranium 
and fossi! fue l reserves, and the pri ce 
of alternative fu els on th e wo rld 
market. 
An equally va lid viewpoint is that, in 
order to co nse rve uranium rese rves, 
allempts should be made to recycle 

Cross-section of a fuel 
pellet and its cladding. 
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Plutoni u m recycli ng • 

fi ss il e mate rials From spent fuel in 
orde r to ext ract in creased amounts 
of energy [rom the uranium ore. This 
may extend to re-use of lhe residual 
U-235 and fissil e plutonium in spent 
fuel in thermal reaClors and to 
recycl ing of th ese producls in fa st 
reactors. The impact of the various 
0pl ions ava il able for reso urce 
ulilisalion ranges widely, From a 
modest figure of pe rh aps a 30- per
cent increase in ene rgy OUlput per 
kilogra m of uranium ore in the case 
of one- tim e recyc lin g in th erm al 
reaC lors, to a fac lor of up to 
100 tim es in th e case of exte nded 
recycling in fasl reacto rs. 1 n lerms of 
resource conse rva lion , the im pact of 
spent -fuel manage mel1l is lherefore 
dramatic, and may ultimalely become 
the dominanl cons id erat ion in a 
world wit h ac ule ene rgy shortages 
and limiled eco nom ic uran ium 
rese rves. 

Environmental impact and 
waste management 
There is increasing public awa reness 
of the importance of proper 
acco unting of lhe environmental 
impact of energy production and use. 
The emphas is is on globa l analyses 
which take in to acco unt ail of th e 
environmental effects of energy 
production , wherever they occur, and 
not just the impact on lhe area close 
to a power plal1l. Thi is an area 
where it can be very comp li ca ted to 
quantify ail the environmenta l costs 
and benefits, makin g co mpariso ns 
betwee n different st rategies ve ry 
difficu lt A crucia l element of 
minimising environmel1lal impact is 
the res ponsible management and 
minimisation of aIl waste aris ings, 
and there is increasing understanding 
of th e need for plann ers to take 
proper account of th e fu ll costs to 
society of was te manage ment and 
disposaI in co mparing the costs of 
energy production among va rious 
altern ati ves. No malt er what the 
energy source, past practice has often 
bee n to neglec t the full environ
mental and hea lth costs of waste 

disposa I, an approach whose 
shortco min gs are now being 
recogni sed. For example, disposaI of 
ca rb on dioxid e to the atmosphe re 
ca rries no co st in most analyses of 
foss i! plants, wh ile deco l11m issioning 
costs are often ignored for plants of 
ail types. 
ln nuclear energy, lhere is the issue of 
the environmenLal impact of spent
fuel management. A nucl ear power 
plant operatin g normall y retains ail 
but a minuscule fraction of the fi ssion 
products and transuranics in the 
spent fuel. The spent-Fuel manage
ment op ti on chose n by lhe ulilit y 
determines th e eventual fate of these 
radioacti ve by-products . ln the once
through fue l cycle th e full in ventory 
is eventually committed to disposai in 
an und ergroun d reposi lory, and ail 
nu clid es th al have not undergone 
radioact ive decay have the lheo relical 
potenlial lO be di spersed in the 
natural environment on geo logica l 
tim esca les. ln the reprocess 
ing/recycling fuel cycle, uranium and 
plutonium in the spent fu el are 
separated out for re-use and are 
largel y exc lud ed from th e va rious 
waste streams which are ultimately 
intended for di sposa I. 
Moreove r, the iss ues oF sa fety and 
non-proliferation, while not quantifi
able like economics, resource utilisa
tion and environmel1lal impact, must 
be accounted for in view of the need 
for widespread pub lic acceptance of 
any option selected for the nuclea r 
industry of the future It goes without 
say ing that the sa fety of ail activities 
associated with nuclear power is of 
paramount importance. Simila rl y, al! 
plutonium-recyc ling activities will 
need to conform to the hi ghest 
standards as regards non -prolifera 
tion and verifi ca tion 
Underlying aI l the issues touched on 
50 fa r are the technical questions 
relat ing to the recyc li ng of pluto
niu m. ln line with the discuss io n 
above , att itud es to plutonium 
management va ry From country to 
co untry and From util it y to utility. 
Some see plutonium as a constituent 

of spent fuel which is best commilled 
to direct disposaI along with lhe 
intact fuel assemblies, whilst others, 
wilh past or future reprocess ing 
co mmilments, ha ve differem alli 
tud es. ome regard plulonium as a 
liabililY and others as a va lu ab le 
strategic resource. The new issue of 
the use or disposaI of ex-weapon 
plulonium is an additional fa clor 
with many wide -ranging impli ca
tions, as it Fo rms a significant fraclion 
of the cu rrent worl dwide plutonium 
sLOc k. 

The physics of plutonium 
recycling 
For aIl the reasons out lined above , 
the EA Nuclear Science Commillee 
dec ided lO co nvene an imernalional 
study group, the Working Pany on 
the Physics of Pl utonium Recycli ng 
(WPPR), with a view to rev iewin g 
comprehensivel y lhe current SlalUS 
of the physics of plutonium recycling, 
as a co ntribution Lü a wider 
understanding of the broader issues 
at stake. Thi s complemel1ls anolher 
recent NEA study entitled Manage
ment oJ Sepa rated Plutonium. Th e 
Techn icalOptions 
The physics of plutonium recycling is 
a broad and co m plica ted tec h n ica l 
area, so me aspects of which are we il 
understood and we Il proven , wh il e 
others may be uncertain to a grealer 
or lesse r ex tent , or eve n ve ry 
specul ative. The purpose of lh e 
WPPR stud y is to review the ph ys ics 
of plutonium recycl ing as it stands 
tod ay and to identify what la sks 
remain to be done to support fUlure 
strategies. It does not ful ly exa min e, 
howeve r, ail aspects of plutonium 
recycling such as waste managemel1l , 
proliferation and risk, si nce it is nei
th er practica l nor approp ri ate to 
divorce entirely th e ph ysics iss ues 
from them. Consequently, the slud y 
add resses specifica ll y amou nts, 
compositions and toxicities of pluto
nium , and tran su ran ic fl ows and 
inventories, as they are impacted by 
var ious choices for managing the 
back-end of the fuel cyc le. Also 
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addressed explicitl y are the impacts 
of reactor safe ty and th e sa fety of 
altern ati ve sys tems 
Th e resu lts of the WPPR have been 
recentl y published in a se ri es of 
repo rts entitl ed Th e Phys ics of 
Plutol1ium Recycl il1g, and th e main 
points and conclusion s are 
summ ari sed below. 

Thermal-reactor plutonium 
recycling 
Given that the large scale deployment 
of fas t reactors is a distant prospect in 
most countries, many nuclear Lltilities 
are planning, or ha\'e already 
i m pl emented plu toni u m- recyc l i ng 

schemes in therma l reactors, 
principal ly PWRs, although th ere is 
limited experi ence and plans for 
future plutonium recycl ing in BWRs. 
Plutonium is no rm ally recycled in 
the fo rm of plutonium di ox ide 
(PU02) and mi xe d with uranium 
dioxide (U 0 2) to produce mixed 
oxide (MOX) fu el. 
Rega rding th e use of MOX fu el 
de rived from current reprocess ing 
plants in PWRs at least, th e ph ys ics 
aspects are fu lly understood and give 
rise to no operational, li ce nsin g or 
sa fety concerns in th ose commercial 
power plants where it is already in 
use. Uncenainties are always present , 

• Plutonium recycling 

of co urse, bu t th eir importance 
in creases in significance wh en 
co nsiderin g fu ture MOX fu el cycles 
with higher di scharge burnups and 
co nsequ entl y hi gher initial pl uto
niu m contents. This is co mpounded 
when the plutonium itself is 
recove red From spent MO X fuel 
asse mbli es which have themselves 
been reprocessed, and the iso topic 
qualit y of the plutonium (meaning 
the ratio of th ermall y fi ss ile isotopes 
plutonium 239 and pluto ni um 24 1 

to to tal plutoniu m) is degraded. This 1 
is a situation which is likely to ar ise 
in so me co unL ries with mature 
programm es of thermal-reac tor 
recycl ing startin g sometime beyond 
the turn of the century Sin ce th is is 
the area in whi ch th e grea tes t 
uncertainti es li e, the issue of multiple 
recyc ling of plu to nium in thermal 
reactors is a ce ntral theme of th e 
CUITent stud y 
ln the context of multiple recycling of 
th er mal MOX , th e qu estion most 
often posed is: how many times can 
it be recyc lec17 Thi s ques tion is of 
pa rt icular releva nce . l n faer , eac h 
time th ermal MOX is recycled, th e 
is otop ic quality of the plutonium 
degrades and there will come a point 
where its funh er recycling in thermal 
reactors will not be practi cable. Even 
if ail th e ph ys ics issues assoc iated 
with multip le recyc ling were 
und erstood perfectly, this qu esti on 
could not be answe red simpl y, as il 
depends on th e pa rticular scenari o, 
and espec iall y on the ratio in wh ich 
uranium dioxi de and MOX 
assembli es are bl end ed in th e 
reprocessin g operations. 
A sim pler ap proach to the quest ion 
in volves asking not how many tim es 
MOX can be recycled, but what is the 
maxi mum practicable concentrat ion 
of plutonium in th ermal MOX? 
Although th e exact answer is not yet 
kn own , il is tentative ly co nclud ed 
that th e upper limitlies in the range 
10 to 12 weight per-cent tota l pluto
nium , ass umin g therma l-MOX 
des igns sim il ar to those already in 
use today. For blending ratio s 
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Plutonium recycling • 

Recycling scenarios for MOX fuel 

SCENARIO 1: Multiple recycling in PWRs 

Pu 

M.A. 

SCENARIO 2: Single recycling in PWRs followed by multiple recycling in a burner 

~--'-~ PWR 
Pu PWR 

f-----~ MOX 

SCENARIO 3: Optimised multiple recycling in PWRs 
follo wed by multiple recycling in a burner 

Pu Pu + M.A. 
PWR ------'~ BURNER 

~ 1 

L-___ _ _ \fI-_ _ --.J '-----_P_u_+ _M_.A_. ----.JI ~ 

foreseen in today 's reprocessing 
plants (typica lly three or four 
uranium-dioxide asse mblies blended 
with eve ry MO X asse mbl y), this 
would permit plutonium to be 
recycled twice as thermal MOX. With 
a hi gher bl endin g ratio, or with a 
modified lattice geometry, increased 
recycling co uld be poss ibl e, but the 
precise amount is not yet determined. 
Moreove r, act inide build-up during 
multip le recycl ing , whateve r th e 
breeding rat io, will increase and can 
become a potenti al criteri on for 
mu ltirecycl ing feasibility 

Fast-reactor plutonium recycl ing 
The ph ysics of plutonium recycl ing 
in both ox ide-fuelled fast reac tors 
and metal-alloy-fuelled fast-reactor 

~ 

systems were considered nex t. Two 
topics of particular interest are the 
potential of fas t reacto rs to consume 
plutoni um , and to fiss ion minor 
act inides. This is because burner 
reactors have not received the sa me 
leve l of fo cus in the past as breeder 
reacto rs. These two topi cs underlie 
the fast-reactor benchmark exe rcises 
whi ch were devised as part of the 
WPPR stud y, because of the lack of 
international validation in this area. 
The benchmark exe rcises were 
defined for both oxide-fuelled fa st 
reacto rs and metal-alloy-fuelled fast 
reacto rs. The purpose was to 
es tabli sh th e leve l of ag ree ment 
between different fast-reactor code 
systems rega rding th e rate of 
des truction of ac tinid es and 

plutonium in particu lar A nove l 
aspect of the benchmarks is the 
cleparture from the usual assumpt ion 
of a fas t breeder reactor: cases with 
non-breedin g fast -reactor sys tems 
(with conve rsion ratios in the range 
05 to 10) we re consid ered. At least 
as far as a breedi ng ratio of 10 is 
concerned , existing fast -reac tor 
designs coul d easily be redesigned to 
become non- breeders sim pl y by 
omitting the rad ial breeder region. 
ln addit ion to the two main areas 
mentioned above, ot her aspects of 
plutonium recycling were addresse e! 

Waste and radi otoxic ity 
reduction 
Recyc lin g of plutonium has an 
importan t impact on the waste 
arising and on its radiotoxicity ln the 
long term , the radi otoxic it )' is 
dominated by th e ari sin gs of 
transurani cs which can differ 
signi ficantl y depe nding on the 
plutonium-recycling strategy ln 
particular, fast reactors can be usee! to 
achieve considerable reductions in 
th e transuranic ar isings per unit of 
electri city production 

Plutonium fuel without 
uranium 
There has recently bee n increasi ng 
interest in using specially des ignee! 
thermal reactors to opt imise the 
manage ment of civil plutonium 
stocks. The objective is to remove the 
plutoni um From store and place it 
"in-reactor" where it is inherently 
more safeguardable . The re is al so a 
great deal of interest in the possibil ity 
of using ex -weapon plutonium for 
reactor fuel as a means to decrease 
the wo rld stockpiles of plutonium 
pits The concep t of plu tonium fu el 
with a carrier other than uranium has 
been extensively studied in the past , 
and there is now renewed interes t 
since it offers the po tenti al for 
in cinerating plutonium by fi ss ion 
without generat ing al th e same time 
any new plu tonium-239 From 
uraniu m-238 ca ptures 



Recycling o f plutonium in 
advanced converter reactors 
Advanced co nve rt er reactors and 
their rel eva nce lO plutonium 
recycl in g were also reviewed. These 
are therma l reactors which are 
optimised lO achieve high conversion 
ratios and , in the case of heavy-water 
moderaled va ri al1ls, low fissile 
in velllori es. The low criti cal mass can 
all ow lhe fi ssile cOlllent of discharged 
fu el to be burned down to the poilll 
whe re recovery of the residual fis sile 
material is not worthwhile. Advanced 
convener reactors therefore represelll 
an illlermedi ale slep between today's 
lherm al reacto rs and fast breeders, 
either as the final irradiators before 
di sposa i, or as an "ac ti ve store" for 
plutonium in th e interim period 

Conclusions 
Light-water reactors 

Multi recycl ing of plutonium in light
water reactors offers a practical nea r
term opti on for ex tractin g further 
energy from spent fu el and 
reprocessed plutonium, as weil as for 
reducing and stabilising the stockpile 
of se paraled plutonium . 
Multirecycling plutonium in pres
suri sed-waler reactors of current 
des ign ca n have limitations, and 
relaled ph ys ics iss ues have been 
co nsid ered, in parti cul ar, the plu
ton ium-contelll limitation to avoid 
positi ve-vo id effec ts and the mini
mi sa tion of mino r act inide produc
tion during multirecycling At 
present , it appears that plutonium 
recycling in high-burnup light-water
reactor cores can be perform ed twice 
wi thout mod i fyi ng cu rrent designs 
of light-water reac tors. For un
changed lattices th e limit on pluto
nium cOlllent is in the range 12 ± 1 %. 

Fas t reac tors 
Even if, for the long term , lhe best 
use of plutonium is still in fas t
breeder reacto rs, th e sy mbiosis of 
fast-burner reactors and light-water 
reacto rs offers potential for reduction 
of nuclear waste by further extraclion 

of energy f rom lhe multicycled 1 ight
wa ter-reacto r spent fu el and repro
cessed pl utoni um . 
Funher effon s are wa rranled to 
ensure lhat fas t-burner-reac lor 
designs of high transuranic cO lllent , 
plutonium of poo r isoto pi c qua li ty, 
and high-l ea kage fra ction ca n be 
acc urately ca leulated. Cri tica l 
experiments should be considered to 
va lidate inlegral design parameters, 
as we il as appropriate fu el irradiation 
ex periments. 
As far as the lox icity inve lllory and 
now are co nce rned, the parametri c 

• Plutonium recycling 

analys is with va ri ati on of lhe fast
reaClor conve rsion rati o revea ls lh at 
by a symbiosis of light-water- reaclor 
clischarge supplying feedsLOck lO fast
burner designs, the loxicity OUln OW 
from the fast-reaclo r cycle lO lhe 
waste stream will be sign ifica nt ly 
lower than th e infl ow of toxi cit y in 
th e feed strea m from the light-water 
reacto r, whi ch oth erwise wo uld be 
deslined for waSle . • 

Checking a fuel bundle 
element before loading into 
the reactor core. 
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Future financial 
liabilities arising fram 
nuclear activities 

The nuclear industry, 
which represents large 

capital investments and 
valuable assets, also 

creates responsibilities 
associated with the 

eventual decommissioning 
of industrial facilities at 
the end of their lifetime 

and with the final 
disposal of radioactive 
wastes. Since the early 

days of peaceful nuclear 
activity deployment, 

these responsibilities and 
the associated future 

financialliabilities have 
been recognised by 

governments and industry. 
Various mechanisms and 

schemes have been 
established in NEA 

countries to estimate and 
report future financial 
liabilities arising from 

nuclear activities and to 
provide funds to coyer 

future expenses when the 
need arises. 

T
here is a renewed interest in 
issues relat ed to fUlure 
financial liabililies arising from 
nuclear power in the context 

of deregulat ion of the power sector 
in a number of OECD countries. ln 
connection with privatisation and the 
opening electricity market, decision
makers in governmental agencies and 
elecl ricity ut il it ies , are look ing for 
information and methodo logical 
frameworks to assess liabilities. 
A new stud y has recently bee n 
publi shed by th e uclea r Energy 
Agency entiLi ed FutLlre Financial 
Liabilities Arising f rom Nue/ea r 
Activities, on policies implemented 
by N EA countri es for recogni sin g, 
reporting and fund ing such Iiab il it ies. 
It cove rs fin ancial liabilities 
associated with lhe management and 
di sposai of radi oac ti ve was tes, 
reprocess ing of spent fu el, wh en 
applica bl e, and deco mmissioning. 
The sco pe of th e stud y does not 
inc\ude civil Ii abilities connected with 
seve re nu clea r acc idents that are 
cove red by international conventions 
on liability and co mp ensation for 
nuclear damage. 

What are future financial 
liabilities? 
Future finan cial Iiabilities are costs 
which an organisa tion or a company 
will have to meet as a consequence 
of its CUITent activities . They ari se 
wheneve r systems and procedu res 
are not in place to comp lete 
immediately or in the short term any 
action needed to satisfy li censing and 

other regulatory requirements relaled 
to environm enl al burd ens in lhe 
broader sense . For the purpose of lhe 
stud y carri ed OUl by th e NEA, shon 
Lerm meant less th an five yea rs. 
Li abilities fall within two ma in 
ca lego ries: th ose ari sing From lh e 
operali on of nu clear fac ilili es and 
lhose ari sing from lheir Shuld own . 
ln som e countries there is a third 
calegory of li abiliti es, refe rred to as 
"hi stori c". Historic liabiliti es are of 
th e sa me type as th e two oth er 
ca tego ri es, but we re generated in the 
past, at a time when th ey we re nOl 
recogni se d owing lO diffe renl 
regul ati ons. Th erefo re, adequ ate 
provisions have not bee n sel as ide LO 
cove r co rresponding ex penses. Since 
Stat es are direc tl y or ind irec tl y 
res ponsibl e for regul atin g nu clea r 
aC Li viti es, th ey have generall y take n 
und er th eir res ponsib ilil y lhe 
manage ment and associated COSlS of 
hi stori c li abilities . 
Liabiliti es ari sing fromlhe operali on 
of nu clea r fa cilities in clud e rad io
ac ti ve was te manage ment and 
disposaI , and spent-fuel reprocess ing 
when appli cable. Reprocess in g 
expenses are considered as li ab il ilies 
beca use of the ge nerall y long lead 
times bet\Neen spent-fuel discharge , 
its reprocessing and lhe trea tme l1l 
and disposai of resulting waSle . In 
countries that have opted for an open 
fu el cycle, the cos ts of interim 
storage, conditioning and direc t 
disposaI of spent fu el co nslilu te a 

' tV/r s. Evely nc Bcrt el is a mcmhrr of Ihe NEil 
Nue/ca r Dne/opm ent Divisio ll . 



• Future financialliabilities arising from nuclear activities 

liab il ity The cost of low- level waste 
management and disposa i is 
considered as a liab ility in cou ntries 
where fina l disposai faci lities for this 
type of waste have not yet bee n 
implemented. Where low-level waste 
repos itor ies exist , the cost of 
cond iti oni ng, transporting and 
d isposing of those wastes is borne by 
th eir ge nerato rs as opera ting 
expenses and , therefore , does no t 
consti tute a liability 
Liabi lities ari sing From closing down 
nuclea r facilities include reclamation 
o[ uranium mines , stabili sing of mil l 
taili ngs and deco mmiss ionin g of 
nu clear insta ll ations such as fuel
cycle faci lities , nuclear power plants, 
research reacto rs, labo ra tories and 
isotope-p rod uction facilities Th e 
future costs of deco mmiss ion in g 
nuclear installations include the costs 
of di smant ling th e facilities , decon-

tam ination of equ ipment , co ndi
tion ing of wastes arising, and disposai 
of these wastes. [See Table 1] 

How is the value of 
liabilities estimated? 
The va lue of li abilities is es tim ated 
in each country on the basis of actual 
expe ri ence whenever ava ilable For 
ac ti vities that have not bee n 
implemented at the indust riallevel , 
such as disposai of high-Ievel wastes, 
projected costs are used. Th e 
scientific, technica l and eco nomic 
knowledge acquired so far provides a 
sound basis for estimating the costs 
of future finan cial liab ili ties arising 
From nuclea r activit ies. ln th is 
connection , it shou ld be pointed out 
that a broad internat ional consensus 
exists on the standards and code o[ 
practice regarding rad ioactive waste 
disposai that goes eve n beyo nd 

[inancialliabilities, and covers ethical 
issues 1 Cost est imates for both 
radioactive waste management, and 
disposai and decommi ssioning, have 
been ca \cu lated and published in a 
number of nat ional and international 
studies , including several NEA 
publica tions2 

The va lu e of liabi liti es va ries From 
country to country depending on th e 
type and size of the nuclea r industry 
and , also on th e sta ndards and 
regulations adopted by each country 
with rega rd to radi oac tive waste 
disposa i and decommission ing. ln 
parti cu lar, the type of disposai 
repositories chosen and the schedule 
and regulatio ns adopted [or 
dismant ling and decommissio ning 
nucl ea r fa cil ities are key fa ctors in 
th e costs associated with liabil ities 
and th e ex penditure sc hedu le for 
discharging these liab ili ti es. 

Table 1. Nature of future liabilities in NEA countries 
DisposaI of 

DisposaI of DisposaI of lowand Decommis- Reclamation 
Reprocessing spent fuel other high- intermediate- sioning of of mines 

Country level waste1 level waste 2 facilities3 

Australia -v 4 -V -V 
Belgium " " " " " Canada " " " " Finland " " France " " " s " " Germany " -V -V s -V -V 
Italy " " " " Japan " -V " s " Korea " " " " Netherlands " " 4 " " " Spain " " 6 "S " " Sweden -V -V 
Switzerland -V -V -V -V -V 
Turkey -v 4 -V 
UK -V -V -v 7 -V 
US -V -V -V -V 

-- --

1. Since spent fuel disposaI facilities are capable of accepting other high-level waste, thi s column is filled in only for countries that do not 
(and will not) have to dispose of spent fuel. 

2. This column is filled in for countries in which low and intermediate-level waste disposaI facilities are not yet available. 
3. Including final closure of waste disposa I facilities . 
4. For research reactor fuel. 
5. Some intermediate waste creates liabilities. 
6. From the Vandellos-l reprocessed spent fuel that will be completed shortly. 
7. Most low-level waste is disposed of in existing facilities . 
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Fut ure financiaL LiabiLities ari sing from nucLear activities • 

ln the power sector, th e abso lute 
va lue of li abiliti es for radi oacti ve 
waste disposai and decommi ssioning 
of nuclea r power pl ants is estim ated 
at several hundred million US dollars 
pel' unit. ln relati ve va lue, th ese 
liabili ties represent less than 10 per 
ce nt of the leve li sed costs of nuclea r 
electri city generati on. ln other sectors 
of th e nu clea r industry, such as 
isoto pe produ cti on, the abso lute 
value of liabiliti es is generall y rather 
small , but mi ght represent a large r 
share of th e total reve nu es of th e 
co mpany generating the Iiabi liti es. 
While the sa me basic principles are 
ge nerally used for es tim atin g th e 
costs of nuclea r li abiliti es, detail ed 
methods for th ei l' ca lcu lati ons vary 
From country to co untry and often 
betwee n operato rs in the sa me 
co untr y. Howeve r, two main 
meL hods - current valu e and net 
prese nt va lue3 - and some va ri ation 
of these , are ge nerall y used for 
ca lcula tin g li abilities. Finl and , 
France, Germany, Japan , Korea and 
th e United States use th e current 
va lue meth od, whil e Canada, Spain , 
Sweden and the United Kingdom use 
th e net prese nt va lue meth od . The 
choi ce of a give n method by a 
co mpan y or organi sation is large ly 
conditioned by the preva iling lega l 
requirements and acco untin g 
practices within whi ch it operates. 
Th e nature and timing of nu clear 
fac ili ly decommissioning and radi o
aC li ve was te di sposa i lead to so me 
un ce n ainty ln es tim atin g th e 
amount s of money that will be 
required for fin ancin g future 
Iiabilities. Although basic principles 
and meth ods for deco mmiss ionin g 
and was te di sposa i are weil dOCLI
mented , few countries have a 
co mpl ete co nce pt of ail th e fac ilili es 
and operations lhat will be necessa ry. 
Mechanisms have th erefo re been put 
in place to ensure continuous review, 
and revision when necessary, of the 
estimated va lues of liabilities. Reliable 
estimates of the va lue of liabililies are 
esse ntial for ensuri ng that adeq ua te 
prov isions are se t as id e for future 

expenses. They are especially impor
tant in co nnection with transfer of 
property From th e publi c sector to 
the pri vate sector, in ord er to create 
an appropr iat e capita l structure for 
lhe organi sation to be lransferred. 

How are liability funds 
accu m u lated? 
Method s for prese nting future 
li abilities refl ec t th e dive rsity of 
poli cies imp lemented in different 
countries. ln ail cases, the generators 
of liabilities mUSl se t up accounting 
provisions to meet th ese liabiliti es, 
and mec hanisms have to be put in 
pl ace to finan ce lh e organi sations 
res ponsib le for impl ementin g th e 
relaled opera li ons. In countries 
wh ere operators of nuclear faciliti es 
retain the res ponsibility for future 
liabilities , they are usually required to 
se t up provisions lO cove r them. Al 
th e oth er end of th e spectrum , in 
co untri es wh ere res ponsibility for 
operations related to liabilities (i.e, 
radioac ti ve waste manage ment and 
disposai and decommissioning), have 
bee n transferred lO speciali sed 
organisa tions, these organisations are 
fin anced by fees paid by th e 
ge neralors of liabilities as soon as 
they ari se . Betwee n these two 
ex tremes lies a wid e range of 
i nterm ediate systems. 
For spent-fuel reprocessin g, 
provisions based on the full cost of 
reprocessing are accumulated as and 
when the fue l is used up in reactors, 
and th ey are di sbursed when th e 
spent fuel is actuall y reprocessed. For 
interm ediate and high- Ievel wastes, 
provisions are generally made at the 
time they are generated and for the 
total es timated cost of interim 
storage, cond itioning and di sposaI. 
For decommission ing, the provisions 
are generally spread out ove r th e 
econ omic lifetime of th e fa cilit y 
whi ch might be shon er th an it s 
des ign te chnical lifetime. This 
ensures that , wh en th e fa cility is 
closed down , th e accumul ated 
prov ision will equal lh e cost of 
decommiss ionin g. For those low-

level wastes that constitute a liabili ty, 
accounting procedures and accumu
lation of provisions va ry from 
country lO country. 

How are liability funds 
guaranteed? 
Guarantee in g liability fund s is 
generall y recognised as a prerequisite 
for sat isfying th e "pollut er pays" 
principl e. IL is especiall y important 
to guaranlee fund s to cove r future 
liabilili es wheneve r the long- term 
existence of th e orga ni sa tion 
generatin g them is not totall y 
assured , or if its tol al asse ts are 
relati ve ly small compared to the size 
of the liabilities generaled. The actual 
schemes adopted to guarantee th e 
availability of fund s when th e needs 
arise differ [rom country to country. 
These schemes reOect how th e funds 
are controll ed (e.g ., ce ntrall y 
control led by the Slate) and whi ch 
entiti es are responsible for th e 
management of liabililies are assigned 
(e.g., operators of n uclear fa ci 1 i li es 
or ce ntral organi sa tion ). In so me 
cases , they also vary wilhin the sa me 
country, depending on lhe type of 
liabilit y and on the ownershi p of the 
organi sa ti on which generates it. ln 
some cases, lhe schemes may also be 
different for liabilities resulting from 
decommi ss ioning and [rom waste 
manage men t. 
The wid e range of sys tems and 
approaches adopted may be 
categorised in [our main types: 
- centralised control of fund s and 

res ponsibilit y, co rresponding to 
cases where a sin gle bod y is 
responsible for operations related 
to liabiliti es, and a ce ntral fund , 
generall y controlled by the State, 
is created for liability financing; 

- centralised cont ro l of fund s and 
dece nt ra 1 ised res ponsibi 1 i l y, 
co ve rin g schemes where lh e 
ge nerators of li abiliti es are 
responsible for their management 
and finan cing, but th e fund s 
accumulated for this purpose are 
kept in a se parate account , 
generally controlled by the State; 
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- guarantees and decentralised 
responsibility, including schernes 
where the producer of liabilities 
maintains responsibility for the ir 
management and fund in g, but 
whe re the funds may not be 
und er its co ntrol and a legal , 
co ntrac tua l or other type of 
guarantee is in place; and 

- pro visions and decen trali sed 
responsibility, covering arrange
ments by which ge nerators , 
because of their size and/or 
ownership , !zeep the con trol of 
liability fund s as weil as the 
responsibility for their liabilities. 
[See Table 2] 

What is the role 
of th e State? 
Slates are responsible for policy 
issues and the establishment of laws 
and regulalions within which nuclea r 
sector operators can fulfil their 

Iiabi liti es. ln this connec ti on , they 
have generally acted: 
- to ensure that future financial 

Iiab ilities are recognised and 
taken into acco unt by thei r 
generators as soon as they arise ; 

- ta estab lish as their responsibility 
the control and/or operati on of 
act ivities ge nerat ing nuclear 
liabilities; and 

- ta assume responsibility for historie 
liabilities whenever necessary 

The "pollurer pays" princip le, 
recornmended by the OECD in 1974 , 
is app li ed to ail sectors of nuclear 
ac tivity ln this co nnec ti on, Stat es 
have ta ensure that future generations 
will not be undul y affec ted by 
act ivities carried out by, and for the 
benefit , of present generations. The 
very long time required ta ensure that 
some radioactive wastes are isolated 
frorn th e biosphere has led so rn e 
govern ments to take over respons-

ibility for their disposaI. 
Some countri es have establi shed 
specifi c requirements su ch as th e 
crea tion of a fund to accumu late 
provisions for the liab ilities, or have 
se t up co mpanies in charge o[ the 
disposaI of radioactive waste and the 
decornmissioning of nuclear facilities. 
Other countries rely upon accounting 
standards prevailing in the industry 
for disclosure of nuclea r li abiliti es . 
The need for spec ial trea tment of 
histo ric Iiabi lities has been recognised 
by rn os t States. Th ey assume 
responsibility fo r liabil ities when 
- the policy andlega l framework 

in place at th e crea tion of a 
li ab ility did not provide [or the 
accumulation of adequate fund s; 

- there is no lega l successo r to the 
generator of a li ability; and 

- a li ab ility was ge nerated by 
ac ti viti es ca rri ed out for the 
government . 

Table 2. Summary of existing schemes for guaranteeing liabiLity funds1 

Centralised fund, Centralised fund, Guarantees, Decentralised 
centralised decentralised decentralised responsibilities 

Country responsibility responsibilities responsibilities 

Australia ..,j 2 

Belgium " " j 

Canada " t. " Finland ..,j 

France ..,j 

Germany " Italy -V 

Japan " Korea "4 " j 

Netherlands ..,j 

Spain ..,j 

Sweden ..,j 

Switzerland ..,j 

Turkey ..,j 

UK ..,j 

US ..,j 4,5 ..,j 3 

1. In NEA countries which provided information . 
2. For mines only. 
3. For decommissioning (and spent-fuel management in Belgium). 
4. For long-lived waste. 
5. For enrichment Rlants. 
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Futu re financiaL LiabiLiti es arising from nucLear activities • 

Conclusions and 
recommendations 
lt is widely recognised lhal the ethical 
and politica l neecl lo ensure that th e 
"polluter pays" principle is appliecl 
properl y requires lh at th e 
beneficiaries of electri city ancl olher 
proclucts or co mm od il ies provided 
by nuclea r acti \'ilies bear the COSl of 
li abililies arising From these aclivilies. 
Th e nu clear incl uslry represe nls a 
valuab le assel an d cO nlributes to 
economic and social welfare in man y 
co untries. Funh ermo re, aIl sectors 
of this induslry, as fo r most induslrial 
activities , gene rale future liab ilili es 
with a need to finance operalions lhal 
wil l be conducted al some relatively 
di stan t future da le. Recognis ing lhe 
long lead times belween the 
commissioning of nuclear fac ililies , 
which generate revenues cluring lheir 
operat ion, and th e pay ment of 
liab ili ties th ey have generaled , 
go ve rnmel1ls and lhe nuclea r 
inclu slry have Laken different 
measures to ensure thal fu nding will 

be ava il able for radioac tive was te 
disposaI and deco mmissioning, even 
if the ac ti vilies whi ch generated th e 
liabilities are not proclucing revenues 
at that lime. The va rious schemes and 
mec hanisms implement ed aim al 
ensurin g co mpliance wilh th e 
"polluter pays" principle 
Allhough there is general awareness 
and recogniti on by industri al 
operators that future liabilities must 
be met, States shoulcl fac ilitate th e 
appli cation of acl equat e policies 
through promoting the establishment 
of co mprehensive schemes and 
mechani sms for fundin g th ese 
liabilities. Transparency in building 
up and managing the fund s is 
especiall y releVa nllO strengthenin g 
publi c acce ptance of nu clear 
acti viti es. Exchange of information 
and ex perience betwee n countries 
prov icl es a basis for anal ys ing the 
exlent lO which the varying nationa l 
sc hel11 es renect generally supported 
principles in va rious contexts . 
Allhough the publi c cl ebate tends to 
foc us on li abiliti es ari sing from 

Vitrified high-level radio
active waste storage facility 
at the Centre de la Hague, 
France. 

nuclear ac tivities , a numbe r of non
nuclear industries dea ling wi lh 
hazardous and toxic malerials do face 
similar pro bl ems, although ge neral
Iy on a small er sca le. So me of lhe 
principles, concep ts and pracli ces 
thal are alrea cl y in pl ace in lhe 
nuclea r in dustr y migh l fin d 
appli ca tions in those industries . _ 

Notes 

1. Th e En vi rvn ment al and Etl1lra l BaSis of 
Gca lagica l Di sposa i. A C"lIretll'C 
Opinio n of the N EA Radioacti\'e ll'a, te 
Manage ment Co mm it/cc, OEC D/NEA, 
Pa ri s, 1995. 

2. Th e Cast of Hig h-lc\'cI ll'astc DISI'",a l 
i n Gro log ica l Reposito l in: An Allalvs" 
of Fa cto rs AJJecling Cos t E,UI1H1Il'S, 

OEC D/N EA, Pa ri s, 1993 
3. In l he curre l1l va lue melhod , lh e l'a lue 

o r a li abi l il y co r res p o n ds 10 il S CS I I
ma lcd rU IUre COSI ex p rcssed in CUITen l 
mon e)'. 
ln lh e ne l p rese nl va lu e Illc lh od, lh e 
va lu e o r a l ia bilil )' is ca lc u la lc d h )' 
di sco ulllin g ilS eS lim a lcci rU l Ure COS I 
la lh e prese nl )'ea r. 
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EU ROCH EMrC: The N EA's 
first joint undertaking 
Th e recent publication of the hi story of 
the Eurochemic Company! is a sLlitablc 
occasion ta rccall the nature of thi s 
pioneering project, and perhaps to draw 
some conc/us ions f rom il. Th e booh, 
lVrittcn by Jea n-Marc Wolff, lends itself 
parliwlarly we1l ta this becaLlse it seel<s 
ta place Eurochemic not only in the 
wider context of the history of nuc/car 
enugy, but also agai nst th e more 
spccialiscd bachground of the 
clcvclopmcnt of the bach-end of the 
nuclcarfuel cycle. 

A
repon by Louis Arm and 2 

pro\'ided the first insp iration 
fo r the then Organisa ti on for 
European Economic Co

operation (OEEC) to take an il1lerest 
in nu clear energy Armand firm ly 
bclieved that thi s il1lerest should be 
conce i1lrated on exchanging technical 
in fo rm aLio n, and launching industrial 
projects funded JOintly by Lh e 
panicipating co untries. From thi s 
belief there emerged th e view th at 
the European Nuclea r Energy Agency 
should not be set up wi thin th e 
OEEC unl ess at least one "joil1l 
undenak ing" could be established at 
th e sa me tim e. And that is wh at 
hap pened the Agency and the 
European Company for the Chemical 
Process ing of lrradiated Fuels, 
Eurochemic that is , came il1lo being 
toge ther at the end of Dece mber 
1957. The site chose n for th e 
co mpany's fac iliti es was at Mol, in 
Belgium , nea r Lhe count ry's Nuclea r 
Research Ce ntre. 
Thus , Eurochemic was the rirst 
cmbodi me11l of this nove l conce pt of 
a "joint undenaking", a co ncep t 
whi ch was in tune not onl y with the 
spiri t of European co -operati on 
affecting gove rnments as rega rds th e 
promotion of this new energy source, 

with the involvement of industry, but 
also wiLh the prevai ling wish to 
exp lore the vari ous sc ientific and 
technica l avenues by which il could 
be achieved, in practi cal term s. The 
othe r two joint undertakings of the 
Agency, set up soon afLerwards, were 
co nce rned wi th the in vestigation of 
LwO types of reac to rs the high
temp e ra ture reac tor (the Drago n 
project), and the bO il ing-heavy-warer 
reactor (the Halden proj ect). 
As we kn ow, th e co nqu esL of the 
market by American li ght- wa ter 
reactors and, more generall y, the lead 
acquired by nucl ea r tec hnol ogy in 
th e United States and the initi al 
progress made by nati ona l 
programm es in Europe, soon 
contributed to ha lting the move 
towards the indu stria li sation of 
original techniqu es by mea ns of 
European co-opera ti on. 

The scientifi c and 
industrial vocation 
One of the most original fea tu re of 
Eurochemic la ys in its dual objective 
first to conduct resea rch into the 
reprocessing of irradiated fue ls, while 
trai ning spec ia lists in th e fie ld; 
second to build and operate an 
industrial pilot plant to recycle spent 
fu el discharge d from reacto rs in 
participating co untries (ex tracting 
the unburn ed urani um and the 
plutonium produced, and separating 
these From the fission products). The 
original - an d unful fill ed - aim was 
that the project wou ld be the embryo 
of a European civi li an reprocessing 
industry, and we must explain why 
this goal was not achieved. 
The undertaki ng in volved 13 of the 
OEECs then 18 Member countries3 

Of the participants , only France 

already had expe ri ence in the fi eld , 
beca use the United Kingdom, after 
contributing Lü the preparatory work, 
dec id ed to go it al one in the belief 
th at its own reprocessing ca pability 
was sufficient for its needs. However, 
Eurochemi c drew considerable 
benefit From the experience of th e 
United States - an associate Member 
country of the OEEC - through a co
operat ion and information exchan ge 
agree mel1l which was concluded in 
the very ea rly days with the United 
States Atomic Energy Commission 
(USAEC) An important aspect of this 
co-ope rati on was that a hi ghly 
qualified American specialist , acting 
as liaison officer and adviser, was 
seconded to Eurochemic on a 
cO l1l inuous basis until 1969. 
Thus, the joint undertaking was able, 
usin g French and Ameri ca n know
how, to adva nce and disseminate 
reprocessing techn ology in weste rn 
Europe. 

Research focused 
on the future 
Euroc hemi c's resea rch and develop
mel1l programme was outstandingly 
successful, mainly because of its 
broad internati ona l exposure and the 
qua lity of its staff. The research 
labora tory's job was essentiall y to 
develop and test che mical processes, 
materi als and meth ods to be used in 
the rep rocessin g plant. The special 
fearures of the plant itself rai sed new 
problems, th e so lution of which led 
to signifi cant progress in reprocessing 
techniques. As we shall see, resea rch 
was later extendecl LO encom pass the 

* Mr. Pic fl r 5l roh/ , IO lîllU OqHl1y Oirr(/o l
Gel1ual o{ thr NEA, \\'as 10 r sn' ual vra rs 
5cc rrlCl ry-Grll LTa l o{ d,r ElI rOL !J cl11 ic CO l11pa Il l'. 
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EUROCHEMIC: The NEA's first joint undertaking • 

management of the radioacti ve wastes 
th e plant had produ ced, in condi
tions whi ch favo ured th e sam e 
innovative approach. 
That th is obj ec ti ve of Euroc hemi c 
was successfull y attained is also clea r 
from the fact that over 300 specialists 
were trained, many of whom we nt 
on to hold important posts in th e 
nuclea r industry of th eir res pecti ve 
cou ntries or in intern ati onal 
organ isations. 

A polyvalent plant 
The Eurochemi c plant , wh ich began 
operations in 1966, was ori ginal in 
a number of respects and marked a 
dec isive step towa rd s civilian 
reprocessing pl ant s of th e seco nd 
genera tion, replacing th ose produc
ing plutonium essential ly for military 
purposes, and preparing th e way for 
today's modern pl ants such as the La 
Hague install at ion ln France. 
Experience at Mo l was th e d irect 
in spiration for fac ilit ies built in 
seve ral part icipatin g co un tries 
(notabl y in Germany and Ital y) and , 
more indirec tly, for the firstj apanese 
reprocessing plant (a t Tokai Mura) 
and to a lesse r ex tent , for ce rtain 
deve lopment s in th e United States 
and Fran ce. Also seve ral important 
new techniques - fo r exa mple 

chemical dec laddin g and pul se 
column extract ion - owed their 
development and industrial applica
ti on to work done at Eurochemic 
Finall y, the outstanding reature of the 
Mol plant's design was its polyvalent 
ca pability, stemm ing fro m its inter
nat ional background in fact the plant 
was capable of reprocess ing prac ti c
ally ail th e types of fu el used in 
Europe's power and research reactors. 
Th e am ou nt of fu el ac rually rep ro
cessed was not ve ry great O'Ari ng to the 
limited ca pac ity of the plant and the 
relati ve ly bri er period during which 
it functioned, but it still included fuel 
discharged from over half the reactors 
of its pan icipatin g countries . It was 
also the fir st plant in Europe to 

reprocess high-burnup uranium-oxide 
fuels [rom li ght-water reactors. 

The institutional framework 
Eurochem ic was even more original 
in its lega l co nce pt Set up und er a 
Convention between the participating 
governments, ilS form was that of an 
internati onal shareholding company, 
governed by the Convention and the 
Statu te ann exed to it , but also, in a 
subsidiary manner, by the law o[ the 
hos t country. The shares we re 
purchased by governments and public 
or semi-public organisations, but could 

General view of the 
Eurochemic reprocessing 
plant. 

be so ld to private companies. Th is 
model , virtua ll )' the onl)' one of ilS 
kincl in science and industry, salisfied 
a number of concerns: il affi rmed lhe 
internal ional na ture of the und er
taki ng, prov iding for po liti cal 
supervision by governmel1ls; il 
ensured neverthelessthallhe company 
woul d be managed on a proper 
ind ustrial and commercial basis; 
fin all y, it opened the way to lhe widest 
possible involvement of induslry. 

The paradoxical failure of 
the industrial vocation 
The ambiti ons of ilS founders and the 
ingenuity of its institu tional structu re 
were not suffi cie nt to preserve 
Eu rochemi c From the erralic nature 
of th e reprocessing ma rket in the 
1970s. At the ti me the plant \l'as 
designed , es timates as to the 
qu antiti es of fu el tha t would be 
ava ilabl e fo r rep rocessing depended 
on reaetor- co mm issioni ng pro
gramm es , and were subJect to 
co nsid erab le uncenainties. Also, 
co nstruction o[ the Mo l plant took 
apprec iab ly longer than expected , 



the main reaso n being th e 
involvement of a large number of 
indust rial architec ts from participat
ing count ri es, co-ordinated by Saint
Gobain Nucléa ire, togelher with 
suppli ers from nea rl y aIl the sa me 
countri es. The deliberate intention 
here was of course to contribute to 

building up industrial expe rience in 
lhe ri eld through broad intern ational 
co-opera li on. lt is tru e that the 
paraI leI delays in nu clea r pro
grammes provided so me co mpensa
lion . Pa rad ox icall y, however, 
Eurochemic's plans for ope ration and 
expansion we re strongl y co untered 
by a spec iri c phenomenon with a 
lwofold d fecl. Precise ly by being so 
success ful in dissem inat in g repro
cessing know-h ow, the project gave 
so me of it s parti cipants an appelite 
for nali ona l projects , and decisive ly 
enhanced lheir abi lity to accomplish 
lhem. JUSl as the Eurochemi c plant 
was busy execu ling co ntracts 
surri cient lO ulilise its full capacit y, 
the co mpelili ve dfec t it enge ndered 
gave th e impress ion lhal th e 
European rep rocessing industry was 
sufferin g from ove rcapa cit )' Thi s 
impt-ession was co nfi rm ed by a [aIl 
in rep rocess ing pri ces lO an 
abnormall y low level al which viable 
operal ion of the Mo l plant, with its 
low ca pac it y, was impossible , 
subsidi es from participat ing gove rn
ments beca me indispensable if th e 
pl ant was lO co ntinue operations as 
we Il as its resea rch and deve lop ment 
programm e. As had been plann ed , 
pri va te co mpanies in several 
co untri es had acq uired shares in 
Eurochemi c, but the fact that it was 
making an operating loss discouraged 
any "vider in vo lvement of industry, 
which he Id only 15 pel' ce nt of the 
capitaL International estimates, based 
on national programmes fo r building 
new reaCLOrs and reprocess ing plants , 
led LO moves aim ed at "rationalising" 
the market. These developments were 
fa tal to th e Mol plant because 
Eurochemi c's two pr in cipal share
hold ers (Germ any and France) and 
ilS strongesl com petitor (th e United 
Ki ngdom ) go t togeth er for the 

• EUROCHEMIC: The NEA's first joint undertaking 

purpose. lt was lherdo re dec id ed to 
hait the operati on of the plant atthe 
end of 1974 , di sa ppointing a number 
of countries that wished to continue 
industrial co-ope ration , parti cularl y 
Belgium The host cou ntry managed 
to kee p open th e possibility of re
open in g th e plant , and for seve ral 
yea rs continued vain attempts to do 
so in th e new fram ewo rk of a 
prim aril y Belgian co mpan y Wilh 
potential for more res tri cted 
international parti ci pati on. 
This end LO industrial operations was 
particularly questionable since it ve ry 
soo n became clear tha t th ere was no 
reprocessing ove rca pacity in faet th e 
estimates had been based on planned 
extensions to national plants affected 
by consid erable delays as in France 
and the United Kin gdom , and on 
proj ects whi ch neve r saw the li ght or 
day as in Germ any and Ital )' The 
Ca rter non-pro li fe ration poli cy also 
pu t new obstac les in th e wa y of 
co ntinuing reprocessing acti vili es _ 

A new area for co-operation: 
radioactive waste 
management 
It is worth drawin g attention to one 
more origi nal fea ture of Eurochemi c: 
its aC li vities, as we il as co-operation 
betwee n the part icipating gove lï1-
ments, cont inued for a further ten 
years afler lhe shutdown of the plant , 
acco mplishin g an impressive 
programme of deco mmi ssioning and 
radioacti ve waste management. This 
is whal J-M Wolff ca ll s "th e 
Company's second life", whi ch was 
remote from its primary objective , 
and for wh ich neith er the fundin g 
nor th e lega l arrange ments were 
foreseen in the ori gin al ag reements_ 
It was therefo re throu gh an 
Agree ment between Eurochemic and 
lh e gove rnm ent of th e host co untry, 
co nclud ecl in Jul y 1978-+, that ail 

View of the Eurochemic low
activityanalyticallaboratory. 
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EUROCHEMIC: The NEA's first joi nt undertaking • 

governme l1ls that created the joint 
undertaking confirmed their will ta 

meet th eir lega l ob ligation ta make 
the site safe , and that the ways and 
means of doing 50 were worked out. 
Thi s Agree ment - co mpl eted as 
circumstan ces changed through a 
number of Protocols - arose From the 
conce rn that there shou ld be an 
eq uitabl e di stribution of costs 
between the host co untry and th e 
others , with ai l avai lab le sk ill s being 
put ta effec ti ve use. 
Th e sit e and th e facilities we re 
transferred progressive ly ta Belgium, 
but Eurochemi c itself continued the 
decontamination work, the fi l'st stage 
of di smantlin g and a substanti al 
proportion of waste management , up 
ta 1985 , when the Belgian gove rn
ment was abl e ta entrust lhese tasks 
ta the new Belgo process com pany5, 
which in Faet lOok on most of 

View of one of the pilot dis
solvers. 

Euroc hemi c's sta fr Before th e joint 
undertaking was "naliona li sed" in 
this way, it carried out a research and 
manage ment programm e whi ch 
in clud ed in particular th e con di
tioning in bitumen and the slorage 
of intermediate activity wastes , and 
the vitrifica tion of some of the high
ac tivity wastes , in co-operation with 
Germany This was in fact the first 
instance of the decommissioning of a 
reprocessing plant , from which the 
spin-ofF in tenus of research and 
experience was oF great benefil lO the 
international co mmunit y. 

Conclusion 
One may ask whelher the "Joint
undertaking" approach lo research 
and deve lopme nt , in an inter
gove rnm ent al framework , now 
belongs in the past. Ir is true that il 
has quite naturall y been overtaken 
by oth er forms of co -ope ratio n, 
usually centred on a "lead country", 
with a sma lt number of partners, and 
more industrial in characte r. On e 

may nonelheless wonde r whether the 
ap proach originally adopted for the 
deve lopment of several reacto r types 
and fu el-c ycle techniques wa s not 
abandoned too soon , under the false 
impression tha t it was necessa ry -
and possible - to comme rciali se 
nuclear power within a ve ry shon 
tim e. The present stagnation of 
nuclear programmes, and th e search 
for future solutions that are safer, 
more reliable and more economical , 
especially for power generation , ca n 
throw some doubt on whether it was 
right not lo have continued longer 
wit h th e R &: 0 srrategy of "Join t 
undertakings" to explore and deve lop 
advanced techniques, in parall el with 
the industrial development of prove n 
technologies. Perhaps the way ah ead 
is not c10sed to modes of co
opera tion that ori ginated in th e 
19605, if they are fine-tuned in full 
knowledge of lheir weaknesses, and 
adapted lo current obj ec til'es . 
ln any event th e hi story oF 
Eurochemi c provid es a grea l dea l of 
food for lhought , extending far 
beyond the nu clea r sec lOr, in any 
co nsideration of the philosoph y of 
modern technical co-operation _ 

No tes 

l. J .-M. Wolff, H istoi,·c dc 1" SOClctc 
ELIrochc/J1ic 1956-1990. Trcnt-cI/"1 
annccs dc coopératiol1 il1lUn(Ilionalr 
da l1 s Ir domaine dcs tcchni«LI'" 
nucléaircs: DLI traitCI11Cl1l cllJIlli<{LIC de.< 
cill11 hLIstihlcs irradies Li la gestIon des 
déchets w d ioaCiifs T he English t rans
la t io n [ELIrochcmic , thl' ELIrol"""l 
Company for thc Chl'mical ProcC\sin,~ 'If 
1 rradiatLeI FLId" 1956-1990. Tlllrtv-I,, 'c 
l'ca rs ol l ntL'rnational Co-operatIon 1/1 

thc Field of NLIclcar Tcchnology[ will br 
publi s hecl n cx t a ut umn, J.-~ 1. Wo lff 
is a Pro fesso r o f H is t or)' , his bOllk 
ea rn ecl him a clocto ra le wi th honours 

2, SO I11 C aspects of lhe t'nugv prohlrl11 
(OEEC, Pa ri s, 1955). 

3 Au s tria , Be lg iu m ( hOSI country) , 
De nm a rk , Fr a n ce, German)' , I tal)', 
Ne thcrlancl s, No rwa)', Ponugal, Spain, 
Swccl e n , Sw itz e rl a n cl ancl Turkcy. 

4 . Thi s ag ree me nt WOlS i m posed h)' 
arti c le 3 2 o f th e comp a ny's StatL/te: in 
fae t fin a l li q ui clat io n was clccidcd 
llp o n o nl )' i n 1990 fol lo\\'ing 
se tllem e nt of it s in uc\ca r l iabill t lcsi , 
in o th e r wo rcls, managcmc nt 01 thc 
radi oac lil'c was t es 

5 Be lgoprocess is a s ll bsi cl ia r)' compan)' 
o f ON DRA F, l he Bc lg ia n p ubliC 
n a ti o nal agency in charge or 
radi o ac ti ve w aste managemenl. 



M. LivoLant* 

Nuclear safety research 
OECD countries • ln 

The aim oJ nuclear saJety research is ta 
provide inJormation ta plant designers, 
operators and regulators ta assist i.n the 
resoluLion oJ saJety issu es, and also ta 
anti cipate problems oJ potenLial 
sign iJican ce 
Over the past 30 yea rs, signiJi ca nt 
amounts oJ mon ey have been spent in 
this Jield , advan ces have been made in 
many areas , and there is now better 
understanding oJ problems, phenomena 
and processcs /n particLllal~ research 
results have bee n integrated into 
computer codes , major codes have been 
validated and our abi/ity ta predict the 
way things happen has been transformed 
over that period Progress in reactor 
saJety has been substantial, saJety 
improvements have been introduced and 
saJcty margins are now quantiJied with 
increascd conJidence . 

T
he N EA and both its 
Comm ittees on the Safety of 
Nuclear In sta llati ons (CSN I) 
and on Nu clea r Regulatory 

Activities (CNRA) have an important 
l'Ole LO play in ensuri ng international 
co-ope ration in the field of nuclear 
safety and regulation. The exchange 
of sarety informat ion through the 
Agency is effective , timely and most 
va luable Co-ope ration within th e 
NEA framework brings th e bes t 
minds LOgether to collaborate on 
sa fety issues, and provides for cost 
sharing, thus making each partner's 
research money go further. The effect 
of thi s work is LO enhance national 
effo n s, extend their scope and 
amplify their own results. 

A potential for further 
improvement 
A review Just co mpl eted has shown 
that , although the safety level of 

nuclear power plants in OECD 
Member countries is ve ry satisfactory, 
and the basic technologies for the 
reso lut ion of sa fety issues ha ve 
advanced co nsiderably, the interna
tional community still [elt that there 
is potenti al for further improvement 
Although the range of uncertainti es 
is limited, continued nuclear sa fety 
research wo rk is necessa ry to address 
many residual conce rns and remains 
an imponant element in ensuring the 
safe operati on of nuclear power 
plants Operating ex perience, plant 
ageing, emerging tec hnologies and 
new design concepts require addi 
tional research. Also, gove rnm ent 
agencies need LO ensure that research 
is undena ken to maintain esse ntia l 
national technical ex perti se and 
capab ilities, so that both operators 
and regulators can fu lfill their respec
tive responsibilities A new repon 
identifying areas where th ere is 
technica l co nse nsus among Member 
countries and areas where more work 
is needed will be published shortl y 
under the title Nue/ca r SaJety Resca rch 
in OECD Coulltries Areas oJ 
Agreement, Areas Ja r Further Action, 
Inueasi ng NeedJo r Collaboration. 

A new report 
The study disc usses th e results 
achieved so fa r, the significa nce of 
safety issues, and those sa fety issues 
still needing to be addressed; it also 
shows th at there is international 
agreement regarding them. Specifi c 
priorities in resea rch programmes 
may depend on national objectives 
and reactor types, but th ere is a 
consensus regarding the mos t 
significant sa fety issues . The ir signi
ficance may be based upon risk 

analysis, operational experience, new 
design co nce pts or other factors 
dee med important by national 
interes ts. Ove r the yea rs, the CSN I 
has been able to reach co mmon 
technical positions in several areas , 
and in some cases to close sa fety 
issues , thereby eliminati ng or 
redu cing the associated needs fo r 
further resea rch. Examp les of 
co mmon techn ical posit ions include 
the areas of integrity of equipment 
and structures (aspects of the leak
before-break iss ue), th erma l
hydraulics (development an d va lida
tion of maj or codes fo r loss-of
coo lant acc id ents and the effects of 
emergency core cooling), an d aspects 
of severe accidents (the issue of the 
so u rce term and acc identai radi o
active releases, the res pective ro les 
of accident preve nt ion and mitiga
tion, progressive imp lementation by 
utilities of severe-accid ent man age 
ment programmes). 

Maintaining capability 
and expertise 
There will be a cont inu ing need for 
in ves tm ent in safety research in the 
future, in order to deve lop und er
standi ng and maillla in ou r capab ility 
and expe rtise , as weil as to ensure 
our ab ility to address eme rging safety 
issues. Further discussion is needed 
in a number of safety research areas 
for whic h th ere is still no co mmon 
technical posit ion. These include 
aspects of steam-generator and 
pressure-vessel integrity, co mpo nent 
age ing, huma n fac tors, co mputer-

* Mr. Mic hel Livo /ant is DCl'tlt y Di,-cclo r of Il, e 
Institut cie l'rotcc tio n cl cie sû reté nu e/ca ire. 
FIGnce. li e clwi rccl th e Grou p of 5e ni" r Expc /Ï S 
\Vh " /Jlc pa recl th e rc po/Ï _ 
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Nuclear safety resea rc h ln GECD countrie s • 

based co ntrol and sare ty sys tems, 
ex tend ed app lication of th erm al
hydraul ic codes, better understanding 
and quantification of fu el/coo lant
imeraction related issues, mechanisms 
of core-de bris coo lab ility, hydroge n 
co mbustion and miti gat ion tec h
niques Moreove r, increas ingly stri ct 
Ii censing requiremellls, and li censing 
of new reacto r des igns, have 
stimulated th e need for further 
co nfirmatory resea rch and these 
requiremel1ls are likely to become 
even more demanding in th e future 
ln a number of techni cal areas (e .g. , 
human facto rs, co mputerised plant 
co ntrol and mon itorin g, fire 
protec ti on), oth er industri es are 
co ndu cting resea rch whi ch may 
app ly to th e nu clea r fi eld Efforts 
shou ld be mad e to co-o rdin ate and 
co-o perate with th ese industri al 
programmes where approp ri ate. 
ln the field of nuclear power safety, 
OECD Member co untri es ' gove rn
ment agencies have broadl y similar 
responsibilities. They need ta under
take, fu nd or sponsor research, and to 
de ve lop and mail1lain national 
technical experti se so as to estab lish 
their own position on sa fety malters 
and ensure their abil ity ta meet their 
ob liga tions, and gove rn ments mu st 
ensure that funds are availabl e for 
thi s Howeve r, in seve ral Member 
co untries, the funding levels of 
national safe ty research program mes 
have been reduced over recent years. 
Care is needed to ensure that this 
does not have an adverse effect on 
the abi lity of govern ment agencies to 
fu lfi ll th eir sa rety res po nsibi lities, 
es pec iall y since th e redu ctio n in 
direc t government or imposed 
runding or nu clea r sa fety research 
may not have been offset by increases 
in the fundi ng of safet y resea rch 
programmes of reactar vendors and 
operators. 
Th e CSN I is co ncer ned th at 
dw indl ing bud ge ts and support , as 
weil as stagnant nuclear programmes, 
may lead to th e unt imely shutdown 
of large resea rch fa ci liti es and th e 
brea king-up of expe rienced research 

and analys is tea ms with th e 
consequent loss of competence and 
red uced capability to deal quickly 
and efficientl y with future safe ty 
problems. Th e lack of large research 
fa ciliti es will rend er more difficult 
th e und erstanding of complex 
therm al-hydraulic and severe 
accidelll phenomena, the ve rification 
and va lidation of computer codes, 
the clari fi cation of unce rtainties, and 
the confi rmation of severe-accident 
manageme nt strategies. It will also 
undermin e co nfidence in future 
reactor des ign s, and hamper 
advanced training of engi nee rs and 
scie ntists. Maintaining adequate 
leve ls of expe rti se will be one of the 
key issues of future nucl ea r power 
development. 

Scope for international 
collaboration 
As dramatica ll y demonstrated by the 
Chernobyl acc id ent , nuclear safety 
is t)'Pically an international issue with 
increasing im portance. International 
co llaboration in many forms, sharing 
informat ion , ex pe rience and 
reso urces, has long been an 
important fea ture of nu clear safety 
resea rch. Thi s need will be 
strength ened in co min g years as 
press ures to reduce budget and 

The Halden Reactor, one of 
the earliest NEA inter
national projects, is wor
king on man-machine 
communications systems in 
nuclear power plants. 

man powe r resources grow. The 
rev iew has id enti fied cons iderable 
sco pe for illlernationai collaborati on 
in priOl"ity areas; it is most important 
to continue and il1lensify th e 
exchange of informati on and results , 
to di sc uss issues, and ta coneeive, 
plan, and support joint researc h 
proJ ec ts. It must be st ressed , 
howeve r, that interna ti onal research 
proj ec ts cannot be a substitute fo r 
hea lthy national programmes, 
because there is a level of effort under 
which national programmes become 
ineffective even if they are invigorated 
by international collaboration 
Co-operat ion wi th the Ce ntral and 
Eastern European Countries and th e 
New Independ ent States of th e 
former Soviet Union has substallliall y 
improved in the las t few yea rs. Thi s 
is especially important in th e fi eld of 
reactor safety and safe ty researc h. 
Co ll abo ration in vo lving both the 
exc han ge of informat ion and 
parti cipation in joint proj ec ts should 
increase even more in the future . • 



P. Bystedt and J, RI LehiO er* 

Severe-accident 
management programmes 

DECD countries • ln 
Severe-acc ident management consis ts 
of those actions that are taken by the 
staff of a nuclear power plant during an 
accident in arde r ta prevent reactor-core 
damage, terminate progress of core 
damage and retain the core within the 
reactor vessel, maintain con tai nment 
in tegrity, and minimise off-site releases. 
Severe-accident management (SAM) 
also involves pre-planning and prepara
tory measu res for SAM guida nce and 
procedu res, equipment modifications ta 
faci/itate procedure implementation, and 
severe-accident tl'aining. Th e overall 
objec tive is ta furt her reduce the risks 
of large releases. It is the responsib ility 
of th e uti/ ities ta develop and implement 
a SAM programme 

I
n 1989 , the Committee on the 
Safety of Nuclea r Installati ons 
(CSN I) set up a Senior Group of 
Experts on Seve re-Acc id ent 

Management (SESAM) Its initial task 
was to prepa re a report on the status 
of severe-accident management activi
ties in OECD Member countries. This 
report , wh ich presented the group 's 
conclusions with respect to the main 
fac tors underl ying the successful 
management of severe accidents, was 
pub lished in 1992 under the title 
Severe-Accident Management: Preven
tion and Mitigation Since 1992 , 
im plementation of seve re-accident 
management programmes has 
progressed signi fi cantly in many 
cOLl ntries. A seco nd report , to be 
released shortly under the title Sevae
Accident Manage ment Im plementation , 
documents the work directed towards 
the Implementation of severe-accident 
management programmes up to now 
in Member countries . 

A new report 
The translation of insights on seve
re-accident phenomena and nuclear 
plant capabilities into severe-accident 
management guid elin es has been a 
complex process. Major progress 
towa rds such guidelines has been 
made in rece nt yea rs in all OECD 
Member countri es, but the partici
pants are st ill in different stages of 
implementation , ranging from 
Sweden, whi ch achieved full 
Implementat ion in 1988 , to th e 
USA. and j apan , who have 
developed generic guidance and are 
pursuing programmes for complete 
Implementation in the la te 1990s. 
Extensive efforts have gone into 
deve loping co mprehensive and 
rigoro us guid elin es or procedures 
yielding valuable lOols for utility 
implementati on. 
For the preparation of th e second 
SESAM repo rt , Member countries 
have provided detailed aspec ts of 
th eir individual approaches to the 
Implementation of accident -manage
ment strategies. At the nationallevel, 
due to differences in approaches to 
eco nomi c issues and societal risks , 
practical Implementation has been 
mad e in a wide variety of regulato ry 
contexts and technical options. From 
a regulatory standpoint , situations 
range from vo luntary actions made 
on the basis of agree ments between 
the utilities and th e reguiatory 
bodi es, lo the imposit ion of 
requirements that severe-accident 
sa fety goa ls be met together with 
release limits This va ried range of 
situations has resulted in significa nt 
differences in the amount of 

hardware modifications included in 
the seve re-acc ident management 
programmes of different Me mber 
countries. In turn , the differences in 
hardware dedicated to the manage
ment of seve re acc idents innuence 
the perceived need for further work 
to ad dress un ce rtainti es in areas 
where additional information is 
needed lo operate such equipment. 
However, il has long been recognised 
by ail Member countries that when 
des ign and operati on of existing 
pl ants provide adeq uate protec tion 
of public hea lth and sa fety, 
enhance ments lo address severe 
acciden t manage ment must be 
balanced with costs so as not to 
implement measures which co ntri
bute littl e lo safety at excessive 
expense. 

Converging approaches 
The overview of the seve re-acc ident 
management strategies implemented 
in Member countries has shown that , 
based on th e cu rrent state of 
kn owledge , the approaches are 
intrinsica ll y sound and at leas t 
reconcile in the best way possible the 
favourab le and some tim es less 
favourable aspects of the strategies 
When the approaches are compared , 
many similariti es and few differences 
are found The differences whi ch 
ex ist are mostly in the equipm ent 
designated or especially installed for 
carry in g out the ac ti ons, or in the 
specifie criteria used for initiating 

* Mt~ Per Bystcdt is Projcct Manager at Swedish 
International Projccl Nue/cat· SaJcty, and CI1CIirman oJ 
the SESAM Group. Dr John R. Lehna is Grou p Leader 
at the Broohlwven Natio nal Labo ra to ty, USA, and 
cdilccl the latest SESAM Repo t't. 
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Severe-accident management programmes in DECO countries • 

actions, but not in the fundamental 
approach They arise from differences 
in plant design and operational or 
regulatary fram eworks Although the 
phenome na involved in seve re 
acc ident s are com plex, severe
accident mana gement ca n be 
formulated in terms of a small 
number of critical decisions on which 
a reasonable degree of consensus has 
already been reached For instance, il 
is ge nera ll y agreed that , when it is 
available, water ought ta be added ta 
a degrading reactor co re sin ce th e 
advantages outweigh potential detri
ments. There is general recognition 
that operators need severe-accident 
management instmctions in the form of 
gUidelines or procedures that are clear, 
simple and unambiguous. 

Impact on plant organisation 
Th e implementation of seve re
acc ident man agement measures at a 
nuclea r facility will have an im pact 
on plant organ isat ion. There are 
severa l decisions co ncerning th e 
manner in which seve re-accident 
management will be implemented 
that can significa ntly affect the 
operations and technical suppo rt staff 
throu gh qualification and training 
requirements, and responsibiliti es. 
Implementation consists of ta king a 
ge neric approach and making it 
plant-specific, decidin g whi ch 
organisation will be responsible for 
carrying out the inst ructions, what 
level of qualification , training and 
testing is required, and how ta meet 
the local regulatary expectations. The 
generic seve re-accident management 
instructions developed by the reactar 
vendor, a research organ isation, or, 
in so me cases the utility itself, must 
be translated by th e utilit y imo a 
plant-spec ifi c docu ment. This 
trans lat ion includes determining 
process or procedura l se tpoints, 
acco untin g for plant- specifi c 
equipment capa bi li ties and 
avai labili lY, and the importance or 
likelihood of ce rtain seve re-acc idenL 
phenome na and scenarios. 

One of the most signifi cant decisions 
in th e implementation of seve re
accident management co nce rns 
whi ch organisa ti on (o perations, 
technical support , or both) will be 
responsible fo r managing the severe 
acc ident. This dec ision will affect 
whether the severe-accident 
management instructions are 
implemented as procedures (exten
sions of emergency operating 
proced ures) or guidelines. It also 
determines where the burden of 
training will fa ll It determines who 
in th e emergency orga nisa tion will 
have the responsibility for deciding 
which actions should be taken to 
mitigate the accident . This decision
making responsibility currently falls 
on th e operationa l staff in most 
Member countries. The importance 
of organi sa tional efficiency in the 
event of a seve re accident is generally 
recognised. Although differences 
ex ist among na tional programmes 
and spec ific ulilities 111 the 
assignment of responsibilities of the 
va ri ous indi viduals invo lved , the 
chains of command are generally weil 
defined. 

Training 
Severe-accident management inco r
porales a new bod y of knowledge 
inta the operation of a power plant 
That knowledge is incorporated 
through the procedures or gUidelines 
developed and through train ing of 
the sta ff who wi 11 use the 
instructions. Operators in ail Member 
countries are period icall y trained in 
va rious ways, including pl ant 
simula tors that ca n be used for 
simulating operation for preventing 
co re damage in acco rd ance with 
emergency operating procedures. 
Although able ta handle most of the 
design-basis failures, lhe ex istin g 
simulata rs are nOl suitab le for severe 
accid ents that resu lt in a se ri ously 
degraded co re. Training in most 
Member countries therefo re concen
trates largely on plant walk-throughs, 
classes on seve re-accident phenome-

View of the Tsuruga Nuclear Power 
Plant (Japan) : Major progress 
towards the implementation of 
severe-accident management guide
lines has been made in recent 
years. 

nology, ca pabilities for relevant 
sys tems for accident management, 
and the plant eme rgency 
orga ni sa tion . To be effec tive, this 
training shou ld give the ope rationa l 
staff a sound understand ing of the 
critical de cisions they may have ta 
take, th e var ious phenomena 
invo lved and th e uncertainties 
surroundin g these phenomena ln 
ord er to tes t the efficiency of th e 
organisations lbat would have to dea l 
with severe-accid ent situati ons , on
site and orf-site emerge ncy drill s are 
regularl y organised in man y Member 
countries. The need ta maintain the 

• Severe-accident management programmes in DECO countries 

effectiveness of training, and of the 
seve re-acc ident management pro
gramme in gene ral , is acknowledged 
in a1l Member countries. 

Reducing uncertainty 
Much progress has been made in 
rece nt years. There is a general 
co nse nsus that seve re-accid ent 
ma nage men t gu idelines have 
significantly red uced the uncertainty 
associated with the effectiveness of 
act ions in dea lin g with most 
phenomena , to th e point where 
fu rth er resea rch in most areas is not 
ex pected lo affec t current related 
actions. However, it is generall y 
recog ni sed that aIl iss ues are not 
closed yet , andlhat new information 
may affect the COnLe nt of current 
gu id el ines Th ere is no ge neral 
agreement on lh e exten t of 

unce rtainties still remaining ta be 
addressed. The bulk of the resea rch 
programmes is direc ted towards 
reducing the uncertainty associated 
with the prediction of ce rtain 
phenomena , as improved under
standing of severe-acc ident pheno
mena is bound ta increase confidence 
in the strength of current seve re
accident management strategies, 
redu ce un certa int ies rega rdin g 
re levant actions eve n further, and 
improve train ing. lndeed , there are 
several areas where further under
standin g of the phenomena is 
especially importan t for providing 
additional confid ence in th e miti
ga tive actions or decisions co ntem
plated for seve re-accident manage
ment. These areas are: the coolab ilit y 
of molten-co re debris inside the 
vessel and the integrity of the reactor 

pressure vessel, the coolabi lity of core 
debris outs ide the vesse l and steam 
explos ions, and ex-vessel flooding, 
which are ail considered in current 
research programmes. A fourth area , 
the issue of hydrogen generalion, 
distributi on , co mbustion and 
recombinat ion , is also an important 
one for severe-accident management 
HO\Never, ex tensive resea rch wo rk 
has already been ca rried out in this 
area and strategies invo lving 
deliberate ignition, recombination or 
inerting ha ve bee n developed 
CUITent investiga ti ons are concerned 
with detail s of implementation. 
In th ose Member countri es where 
severe-accident management fa ll s 
within the sco pe of regulat ions, the 
final Judgment on the implemen
tation of severe-accident management 
is wheth er the expec tations of the 
regulators are met. ln Member 
co untries where seve re-acc ident 

. management is being carried out on 
~ a vo luntary basis by the uti liti es, 
;: 

~ there is still considerable input from 
.~ the regulata rs on the implementation 
~ of such programmes. ln both 
~ situations, typica1ly, the implemen
~ tation is periodica1ly tested through 

drill s and exercises. 

Conclusion 
Major progress towa rd s the imple
mentat ion of severe-accident manage
ment gu idelines has been made in 
recent yea rs. A clear picture of the state 
of the implementation of seve re
accident management in OECD 
Member countries has now bee n 
obtainecL Many similarities were noted, 
and where differences exist, the reason 
for them is clea r Based on the current 
state of knowledge , th e approaches 
used are intrinsica l1y sound and atleast 
reconcile in the best way possi ble the 
favourable and so metim es less 
favourab le aspects of the strategies 
Although a number of open issues and 
remaining uncertainties still exist, there 
is universal agreement thal they are not 
of such importance as ta impede 
imp lementa ti on of severe-accid enL 
management. • 
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Trends • 

• uranl um 
Th e world Liranium marhet has 
experien ced dramati c changes in /hi s 

deca cle due ta po li ti cal and economic 
developments in uraniLim produ cing 
and co nsLiming regions of the world . 
Th e over-prodL/ cUon that charactcri sed 
th e eighties /laS changed in the nineLi es 

ta a more ambiguous situati on in 

whi ch produ cti on does not mee t 
demand, ye t pri ces remain low clu e ta 
the expectaUon that there will continL/c 
ta be an abL!Ildant sL/pply of L/ranium 
from new so urces. 
Whil e th e worlcl nL/cl rar el ec tri c 
ge nera ting capacity and Us nucl ear 
fuel cycle requirements conti nu e ta 

expa nd modes t/y, u rani um stochpil es 
are cl ec reasing and uranium 

product ion has bee n co ntra ctin g in 
most reg ions of the wor ld . However, 
there are signs that this sÎtLwtÎon might 

be changing as there has bee n a steady 
increase in ura nium spot pri ees sin ce 
late 1994. 

Political developments 
The polit ica l and eco nomi c 
reorganisation of Eastern Europe and 
the former Soviet Union , that started 
in the early nineti es, resulted in major 
steps towards the development of a 
wo rld wid e uranium market. A 
co nseq uence of the decrease in 
political tensions between the East 
and West has bee n th e greate r 
availability of uranium supplies from 
the New lndependent States, 
incl uding Kazakstan , the Ru ssian 
Federation and Uzbe kistan . ln 
addition to the civilian inventories, 
th e poss ibili ty exists that large 
amounts of uranium that had been 
connected with military applicat ions 
may bec orne avai lable for commercial 
applica tions on the world market. 

the world 
market 
Nevertheless, the future impac t of 
both civilian and former military 
sources of uranium from the Russian 
Federa ti on and Eastern Europe is 
un certa in because of add iti onal 
political decisions made in the West. 
These decisio ns inc\ude th e 
commitment to conve rting highly 
enriched uranium from warheads to 
low-enri ched uranium for use as 
civi lia n fuel , and th e changing 
rest rict ions imposed by bo th the 
U.SA and the Europea n Uni on on 
the sa le of uranium produced in the 
New lndependent States. 

Economic developments 
Despite continuous growth in world 
uranium requirements , priees for 
uranium have remain ed low. The 
unrestricted annua l average priee 
experienced in 1994 is the lowest in 
20 years. The average NU KEM mid
value price in 1994 for the unrestricted 
market was US$ 1880/ kgU 
(US $723/lb UJOS) , whi le the 
equi va lent NUEXCO value was 
$18.33/kgU (US$7 05/lb UJOs) Low 
prices for uranium have innueneed the 
contrac tion of producti on and 
exploration in seve ra l world regions 
in the last few years. Several uranium 
mines and mi Ils have been closed as a 
result of lower than expected demand 
and low uranium priees. The low spot 
priee trend experienced through 1994 
appeared to be related to the general 
perception that , in the near term there 
will be no shortage in th e urani um 
market. This perception was 
strengthened by the potential 
availability of new uranium sources , 
including former military stocks and 
production from NIS countries. 
Since the early nineties, however, pro
duction has no longer covered wo rld 

requirements. By 1994 the world uran
ium production (31 488 t) provided 
only 55 per cent of the world reactor 
requirements (57 308 t). ln OECD 
countries, production (14 565 t) cou Id 
only satisfy 31 per cent of the demand 
(46596 t) 
The unbalanced suppl y and demand 
situation characterising the uranium 
market has resu lted in annual world 
inventory drawdowns of over 
25000 t in both 1993 and 1994. The 
drawdown was expected to continue 
at near ly 30 000 t in 1995. The 
cumul ative wo rld uran ium suppl y 
shortfalls and the co rrespo nding 
inventory drawdown for the 1991 -
94 period are estimated to be about 
84 000 t. In ventori es being used to 
fil 1 the production gap co nsist of 
mate ri al from the civilian secto r, 
which inc\udes strategie stocks , 
pipelin e inventory and ex cess stocks 
ava ilable on the market. 
Possibly as a result of a market with 
increasing uranium requirements and 
decreasi ng uranium supplies , pri ees 
for uranium began to rise in the last 
quarter of 1994 ln 1995 , the 

UEXCO and NU KEM indicators 
increased for both the unrestricted and 
restricted markets. For the 15-month 
pe ri od between October 1994 ane! 
December 1995, the NU KEM reported 
priees show an estimated increase of 
31 and 38 per cent in the restrictee! 
and unrestricted spo t markets , 
respectivel y. These increases represent 
a reversai of the price trends observee! 
over the previous 15 years. This reeent 
upturn in uranium spot priees is 
perceived by sorne commentators as 
the beginning of a recovery pe ri od for 
the uranium market. 

' M/'. /von VU Q is 0 mon /,,' /' of IlJe NUc!CQ/, 

Oe ve/opmelll Di vis ion. 



Future uranium supply 
and demand 
Uranium dema nd over the next 
15 yea rs wil l be fun damentally 
determined by nuclea r ca pac it y 
Alth ough there are un ce rtainties 
re lated to potential changes in world 
nuclea r capacily, short-term uranium 
req uireme nts are fairly predictable 
Since the maJori ty of nuclear capacity 
is already operating, there is on ly a 
limited degree of uncertaint y, in th e 
short run , in construct ion lead times 
and in the implementation of plans 
fo r new units in some co untries. 
Operational factors such as load 
factors , plutonium recycling/MOX 
fuel , and bu rnup may also affect 
requ iremenLs. However, these factors 
are nOllikely to have a major impact. 
Another potent ial so urce of 
uncenainty is the possibility of ea rl y 
retireme nt of nu clea r reactors. The 
pOlenti al fo r a reduction in nuclear 
capacity exists in a few cou ntri es that 
ha ve some relat ive ly old and 
inefficient nuclear units and where 

• Trends in the world uranium market 

restructuring of the electric ity supply 
indusLr y may have an impact on 
nuclear plant lifetimes. Nevenheless, 
it is expected that the proj ected 
number of world nuclear additions 
would be sufficient to offset potential 
ea rly retirements. 
By co ntra st, the suppl y side in th e 
uranium market over the nex t 
15 yea rs remallls somewhat 
unce rtain. The un ce rtainties are 
related to the source of these supplies 
and to the amount of military 
uranium that may eventually reach 
the co mm ercial market. The low 
production levels and the drawdown 
of inventories experienced in the last 
few yea rs point towa rd s a market 
with a restricted uranium supply thal 
could supp ort an in creas ing price 
trend and , by consequence , a reviva l 
of production ac ti vit y. On th e other 
hand , th e increasing ava ilability of 
new sources from NIS countries and 
from the conve rsion of warhead 
material imply continuing downward 
pressure on pri ces and the possibility 
of further contraction of the uranium 

industry, redu cing the prospects for 
a market recovery in the short term. 
ln the longer term, it is expected that 
reactor-related uranium requirements 
and production wil l achieve a close r 
balance. A balanced market may be 
achieved when inventories have been 
drawn down to desired leve ls, and 
once a co nsiderable amount of 
co nve rted weapons mate rial has 
entered the market. Concerns about 
the longer-term security of supply of 
fos si! fu els, and the height ened 
awareness that nuclear power plants 
are environmentally clean with 
respect to acid rain , global warming, 
and ozo ne depletion , mi ght con
tribute to even higher than proj ected 
growth in uranium demand over the 
long term. Beyond th e tum of the 
ce ntury, fa ctors whi ch are expected 
to have a significant impact on the 
supply/demand balance include the 
rate o[ ord ers [or new nuclea r 
capacity, the rate of retirement of the 
existin g wo rld nucl ea r generating 
ca pacity and th e deployment of 
advance cl reactor technologies _ 

World uranium production and requirements* 
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C. Pescatore and P. ~irey* 

Natural analogues and 
radioactive waste repositories 
As pa rt of i ts support acU vi ti es to th e 
Me mber cowltri es fo r the demonstration 
of the long-to m safety of Iluc/ear waste 
repos itories , the NEA is sponso ring a 
spec ia l projec t ca lled Analogue Studi es 
in the All igator Rive rs Region (ASARR) 
ft consists of a f ield study on the 
mobil isa tion and migration of Llwnium 
i Il groL/I1 dwater systems surwL/I1ding the 
Koo ngarra uranium ore body in the 
No rthu n Territori es of ALl strali a. This 
article reviC\-IIs th e genua l objec ti ves of 
natura l analogue studi es and the spec ifie 
goals of ASA RR. 

G 
eo logica l formati ons at 
vari ous depths are being 
inves ti ga ted wo rld wide for 
the d isposa i of radi oactive 

waste. A few shall ow- and medi um
depth repositori es, up to 100 m in 
depth, are already in operation , while 
deeper disposai facili ties, in the range 
of 200 to 1 200 m in depth, are at 
lhe research and deve lopment slage 
ln order to max im ise the pass ive 
sa fety of nucl ea r waste repos ito ries 
in geologic formations, scientists have 
developed the concept of "defence in 
depth" th rough a series of natural and 
man-made barr iers to the migration 
of rad ionu clid es. These barri ers 
norm all y co nsist of the waste form 
itse lf, the waste comainers, earth en 
mate ri als emplaced around the waste 
containers, sealing maleria ls for the 
di sposa i va ult and shafts, and the 
host geological fo rm ati on Some of 
the waste forms, such as spent fu el 
or borosilica te glass, have a chemical 
du rabili ty comparable to lha t of lhe 

* Dr. C/audiu PrsClIt",·c is (1 l11el11hcr oI tlle NEA 
RodwllOll ProtCClIll1l (llld Racl" '(I(live \\ 'o,lr 
~ 1 (lIlClgrl11cJlt DiviSIOIl. ,\Ir. Prier MIl'l'Y is 

1\IClllagcr o( Ille Ec%gico/ Il11 l'acls Proie cl, 
Al/slr,r1io " NI/e/all' SCICIlCC a"cI Tee/Il",/,,);r 
Org())lJS(ili"" (1I85TO). 

hosl rock, and some of the containers 
studied so far have a projectedl ife of 
seve ral hundred th ousand yea rs. 
Among the identified ean hen barriers 
are bentonite c1ays which swell upon 
contac t wilh groun dwater, lh us 
lim iting its Oow in the proximi ty of 
the wa ste. Such clays wo uld also 
provide a chemical res tra im lO th e 
mi gration of radi onucl ides, and 
should releases sti ll take place to the 
host fo rmation, the lalter wo ul d 
ensure a stable geo logica l and 
geoc hemi ca l environ ment , the 
longes t migration limes (a nd , 
therefore, decay times), and th e 
larges t vo lum etric diluti on of the 
waste substances. 
So me of these media and their 
perfo rmance functions can be tesled 
directly at the reference disposai site, 
while others still require experimen
tation in the laboratory as we il as 
extrapolati on of resulls obtained in 
similar co ndil ions occ urrin g else 
where in nature. For instance , native 
glasses do ex isl in so me natural 
environm ents, and their propenies 
ca n be stud ied in pa rt as "na tural 
analogues" of the man-made radio
active glasses. ln a sim ilar vein , spent 
fuel is co mposed mostly of uranium 
dioxide, for which a we il established 
natural analogue is the sLUd y of the 
mobi li sa tion and mi gration of 
uranium in natLnal groundwaters 
around existing uranini te (uranium 
dioxide) deposits. 
lt is c1ear that the existence and study 
of natural analogues will play an 
important role in the debate on the 
effecliveness of the envisaged barriers 
to lhe migralion of radionuclides and , 
th erefore, on lhe long-le rm sa fely of 
nuclea r- wasle reposilor ies. Il is also 

clea r, howeve r, th al there are no 
natural analogues thal can to tall y 
duplicate man-made waste deposits, 
but particul ar facets of them may be 
reproduced Thus, while, in prin 
ciple, a large number of natural 
analogue studi es could be invo ked, 
none would have the force of overall 
prooL The need for su ch studies, as 
we il as th e potential diffi culti es 
associated wi th them, underpi n lhe 
in vo lve ment of the NEA and oth er 
organisa tions in these ac tivities. The 
NEA Programm e of Wo rk includ es 
lhe exchange of inform ation among 
nati onal programm es, and in -de pth 
di scussions to pro mole a renec tion 
on this subject's general and speci fi c 
aspects. One of these initiati ves is lhe 

sponsoring of a field project on the 
mo bil isat ion and mi gra tion of 
ural1lum in the oxyge n-r ich 
ground wa ter systems sur rou ndin g 
lhe Koongarra uranium ore body in 
the Alligato rs Ri ve rs Region of the 
Northern Territories of Australia. This 
projec t is also known by the acronym 
ASA RR, fo r Analogue Studies in th e 
All igators Rive rs Region 

The ASARR project 
The ASA RR proJ ect is being jointly 
undertaken by the Australian Nuclear 
Science and Technology Organisation 
(ANSTO), the ]apan Atomic Energy 
Research lnstitute UAERI), the Korea 
Alomic Energy Resea rch In stitu te 
(KA ERI ), the United States Nuclear 
Regulatory Commiss ion (USN RC), 
under the aegis of the OECD Nuclear 
Energy Agency (N EA) The ANSTO 
se rves as the managing organisa tion, 
wh il e the NEA is th e projec t co 
ord inator. Other co llaborali ng 
orga nisati ons are th e Uni ve rsity of 
New So uth Wales and the United 
States Geo logical Survey 
Uranium ore bodi es at different 
depths are being wid ely studied as 

• NaturaL anaLogues and radioactive waste repositories 

natural analogues of radioactive waste 
repositories The shallow ore bodies 
within the Alligato rs Rivers region, 
and especially the Koon ga rra ore 
body, have been used for seve ral years 
as analogues of shall ow-Iand 
repositories for low-Ievel waste, and 
of deep reposit ori es for long-li ve d 
wastes under abnorma l co ndi tions 
(e .g. , fo llowing the mixing of dee p 
gro und wa ter with surface water 
mu ch richer in oxyge n and other 
oxidating age nts) . 
The Koo nga rra studi es started in 
1981 th rough the co ll aborat ion of 
the ANSTO and th e USN RC, and 
were incorpora ted in the NEA 
Programm e of Wo rk in 1987 under 
the ac ronym ARAP (All igators Rive rs 
Analogue Project). During the ARA P 
phase, it was found that on the 
who le, simp le and robust concepts 
and models coul d adequately 
desc ri be migration processes 
operating at Koongarra in the longer 
range (th e dispersio n fan is about 

Uranium ore bodies are 
studied as natural analogues 
of nuclear waste repositories. 

100 m long) . It was also found that 
more detailed modelling can on ly be 
acco mplished by imp roving 
understand ing of the releva nt 
geochemical processes . ASA RR , the 
new project started in 1995 , focuses 
on some of these processes and 
in cludes the deve lopment of 
advanced tec hniqu es for data 
gatheri ng and analysis, and a critical 
evaluation of the mechanisms for the 
retardati on of actinide migration in 
crys tall ine rocks and weathered 
mate rials. The experience th at will 
be deve loped shoul d be useful not 
only to bu il d confidence in concepts 
and models to be used in safety 
analyses, but also to develop useful 
in vestigations techniques that can be 
implemented dur ing th e sit e 
characlerisat ion and in situ evaluation 
phases 
Some of the more specific focus areas 
of the projec t are as foll ows: 

1. the testing of recently deve loped 
models fo r the uptake of uranium 
species on the surface of natural 
materials (sorpt ion studi es); 

2. the elucid ati on of prev iously 
identified mec han isms for the 
fi xat ion of urani um wit hin ura
nium-bearing minerais (mineral
isat ion studies); 

3. the correlation between amoun ts 
of uranium in soluti on and th e 
loca l mineralogy (solubi lity 
stud ies); 

4. the dete rmination of the isoto pic 
distribution of the uranium in the 
ro ck in order to tes t, amongs t 
other thin gs, th e ability of 
fractured rocks ta take up 
uranium and other actinides by 
matri x diffusion (uranium
disequilibrium studies). 

ln order to fac ilit ate their inves ti
gations, the organisations tak ing part 
in th e ASA RR proj ect are able ta 

access th e extensive lib ra ry of 
sa mples, databases and suites of 

~ models which were assembled during 
] lh e ARAP ph ase. Eventu all y, ail 
~ find ings will be report ed for 
~ discussion within NEA fora, and the 
] sc ien tifi c commu ni ty at large. _ 
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P. LaLieux, M. Thury and S. Horseman* 

Radioactive waste disposal 
in argillaceous media 
Argillaceous or clay media are being 
considered throughout OECD Member 
coLlI1.tries as potential hast rocks Jar the 
Jinal, saJe, near-sUljace or deep disposai 
of radioactive waste, and/or as a major 
constituent oJ a repository system in which 
waste will be emplaced These media have 
indeed a number oJ Javourable gen eric 
properties, eg. , 11OmogeneiLy, low grOLlI1d
watu J1ow, chemical bufJering, a 
propensity Jar plasti c deJormation and 
selJ-healing of Jractl/ res by swelling, and 
a marked capacity ta retard chem.ically 
the migration oJ radiol1Ltclides. This article 
is intended ta give a general overview oJ 
the spec ificities of argillaceous media 
especially as potential hast rocks Jar the 
disposai oJ heat-emitting and long-lived 
radioactive waste, and de ta il some oJ the 
achievemen ts and activities oJ the NEA 
"Clay Club". 

I
n order ta eva luate geologica l 
media, and notably to quanti
tative ly assess the potential 
migration of radionuclides within 

the environment, not only site-specific 
data from a site character isa tion 
programme are required, but also a 
sound general understanding of the 
basic physical and chemical processes 
that govern groundwater, gas and 
solute transport through them. 
ln this context, in 1991 , the NEA 
established a Working Group on 
Measurement and Phys ical Under
standing of Groundwater Flow 
Through Argillaceous Media ([nfor
mally named th e "Clay Club") This 
Working Group consists of seni or 
experts from NEA Member countries 
representing nati onal organisations 
with responsibility for either 
implementing or regulating the 
disposai of radi oactive waste, or for 
performing research and development, 
m this field. The European 
Commission and the International 

Atam ic Energy Agency are also 
represented. The interest is in nea r
surface and deep geological disposai 
as we il as in the use of argillaceo us 
material as backfill within a repository 
system, even if the emphasis has been 
placed on deep disposaI up to now 
Member countries exammmg 
argillaceous media as potential ho st 
rocks are at different stages of their 
national site evaluation programmes: 
so me countries are still undertaking 
generic feasibility studies, while others 
are already involved in the selection or 
characterisation of repository sites. This 
is why the Clay Club is focusing on 
general methodological aspects 

Deep disposal in argillaceous 
media 
The tenn "argillaceous media" is widely 
used for a broad and often complex 
group of fine ta very-fine-grained 
sedimentary rocks with a predom
inance of clay minerais. Such mineraIs 
exhibit a plat y or layered structure and 
a tendency to retain water within their 
structure. 
Nature provides ample evidence (called 
"natural analogue") that the generic 
properties of argillaceous media make 
them potentially suitable for the 
disposaI of radioactive waste. lndeed, 
over geological time spans these rocks 
can, for example, provide seals for oil 
and gas, act as an efficient barrier to 
the migration of va rio us chemical 
species, and can even preserve wood 
From putrefaction. 
Va rious argillaceous rocks are being 
considered for the deep disposaI of 
hea t-emitting and long-lived radio
active waste , ranging from soft clays 
with a high water content to indurated 
(i e, hardened) shales with a ve ry 
limited water content. These rocks 
exhibit a wide spectrum of charac-

teristics as barriers to the movement 
of water and solutes and as construc
tion materials for repositories. 
The less indurated rocks (i e., plastic 
clays) have negligible permeabilit y, 
deform largely in a plastic manner and 
tend to self-heal if fractures develop. 
While these characteristics, associated 
with a very marked capacity to retard 
the movement of radionuclides, are 
very beneficial in terms of their ove rail 
effect in limiting radionuclide migra
tion, they do create some constraints 
in repository design and enginee ring. 
Among these constraints are th e 
difficulties encountered during the 
excavation of underground openings 
and the need ta line the gal leri es. 
However, experience ga ined with the 
digging and operation of the 
underground research laborata ry 
HADES , located within the Boom Clay 
in Belgium at a depth of 225 m, for 
example, allows a better understanding 
of constructibility issues with in such 
media. At the opposite end of the 
spectrum, indurated shales are more 
brittle and tend to develop fractures 
which are potentially fast pathways for 
groundwater, gas and solutes but that 
tend ta close due ta the presence of 
clay mineraIs. Evidence of flow (or the 
absence of flow) through fractures, and 
of retardation mechanisms along the 
fractures are primary considerat ions 
for assessing the performance of such 
rocks and have been studied quite 
extensively for sorne 15 years. 

* MI'. Ph ili ppe Lalieux is a membcr of thc NEA 
Radiatio n Protectio n and Radioa ctive Wast c 
Mana ge ment Divisio n and in cha rge of th e 
activities of the Clay Club. MI'. Marc Thury is 
Chief Ceo logist at th e Swiss Co -opcrative for th e 
Disposa i of Radioactive Waste (NACRA ), and 
Ch airm an of the Clay Club. M,·. Steph en 
Horse man is a member of the Fluid Pmccss cs 
Cmup of the British Ceological Survey and th e 
United Kingdo m rep resen[Qtive to the Clay Club. 
He is the mai n aut/lOr of the rcce nt status report 
pu blished by the Clay Club. 



Argillaceous media as 
backfilling material 
Bentonite is a particular clay type which 
occurs naturally only in thin beds, and 
cannot be , as such, considered to be a 
host rock. HO\,yever, bentonite exhibits 
hi gh swe ll ing properties (Le., it has the 
abili ty to Lake up waLer within its 
structure, which results in an important 
increase in vo lume), and shows a high 
sOl·pLion capaci ty. Th ese are so me of 
the reasons why bentonite tS 
co nsidered as a va luable backfill 
mate rial to surround waste and to seal 
deep repositories in various ho st media. 
It is also used as one of the protecti ve 
coyer laye rs placed above near-surface 
disposaI facilities 
As an al ternati ve to bentonite , fin ely 
crushed argi llaceous rock wi.th a high 
content of swelling clay mineraIs might 
be used as backrilling materiaL 

Contribution of the Clay Club 
Despite the wide spectrum of 
argi llaceous med ia under consider
at ion , a se ri es of co mmon issues of 
concern, as weil as similar experiences, 
emerged Fro m Lhe var ious nat ional 
programmes on the geological disposaI 
of rad ioactive waste, and called for a 
fosLering of international co-operation. 
Among these issues are the following: 

1. the difficult ies involved 111 

reconciling hydrogeological para
meters at different scales (labora
tory sample, underground experi
ment , regional models); 

2. the reliability of standard hydro
geological models and concepts ; 

3 the gas pressure build-up and its 
consequences on radionuclide 
transport; 

4 the limited thermal stability of 
clays; 

5 the role of fractures and faults (and 
especially the role of plasticity and 
swelli ng on the self-healing 
properties of fractures); and 

6. the role of the surrounding forma
tions which might exhibit very 
different properti es. 

Since its creation in 1991 , the Clay 
Clu b has promoted a continuing 
interco mparison of the geo logica l, 

• Radioactive waste di sposal in argilla ceous media 

hydrogeological, mechanical, physical 
and chemical properties of the different 
argillaceous media under consideration 
for geologica l dis posaI, by mea ns of 
mee tings, wo rkshops and writLen 
overviews on relevant subjects. lt has 
enabled an exchange of technical and 
scientific information on clay properties 
and behavlour, and has also carriecl out 
a detailed review of the available and 
most promlSll1g investigation 
techniques for site characLerisat ion. 
One of the main initiatives of Lhe Clay 
Club was to organise a wo rkshop, in 
Jun e 1994 , on the hydrauli c and 
hydrochemical characteristi cs of 
argillaceous media in order to discuss 
the new and innovative techniques 
bei ng developed to charac terise 
interstitial water in clays, and assess 
fl ow through them l . These develop
ments have been pionee red by the 
var ious nat ional radioact ive waste 
disposa I programmes, but the 
wo rkshop also benefitted From input 
fro m the sc ientifi c community and 
From the experience of the oi 1 industry. 
ln order to give a sound and common 

sc ientific framework for Lhe work of 
the Clay Club , a co mpilation and 
review of the relevam literature on the 
basic concepts and mechanisms which 
control the movement of water, solutes 
and gases through the whole spectrum 
of argill aceo us media was commis
sioned from th e British Geo logical 
Survey. Thi s state-of-the-art report , 
which is entitled Watel; Gas and SalLl te 
Mavemcnt Through Argillaceaus Media , 
has Just been published by the N EA 
and provicles a synthesis of available 
information, identifies key conce pts 
and mechanisms and their coupling, 
makes links between basic microscopic 
phenom ena and their macroscopic 
responses, and highlights so me 
unresolved issues2 

As previously mentioned, an evaluation 
of the occurrence of fluid flow through 
faults and frac tures is of primary 
importance for th e performance 

View of the HADES Under
ground Research Laboratory 
located at a depth of 225 m 
in the Boom Clay, Belgium. 
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Radioactive waste disposal in argillaceous media . 

assessment of repositori es located in 
argillaceous se ttings. Therefore, th e 
Clay Club se t up jo intly with the 
European Commiss ion , a workshop 
on this issue (Sem , Switzerland, 10-
12 June 1996) lnt roduced by scientific 
background prese ntations, the 
workshop focused on the fi ndi ngs and 
perceived needs of national rad ioactive 
waste disposaI programmes, but also 
sought to promote cross-fertilisation 
of ideas from olher industrial seClors 
(mainly oil and gas industries) 
The Clay Club serves al so as a forum 
for the exchange of de tailed 
information on the ongo ing work and 
results of the Mount Terri ProJect. This 
new international underground 
research project in the reconnaissance 
tunnel of the Mount Terri highway tun
nel in Switzerland , is aimed at 
characteri si ng h yd rogeo logica ll y, 
geochemically and geo tec hnica ll y a 
Mesozoic shale, the Opalinus Clay. Earl y 
in 1996, field work started, as we il as 
several experiments aimed at testing 
investigation techniques to characlerise 
groundwater []ow mechanisms, sam pie 

View of the Mount Terri 
Reconnaissance Tunnel in 
Switzerland, excavated in 
Opalinus Clay. 

ground water, assess hydraulic and gas 
permeabi liti es , and characterise the 
hydrology of the Excavation Disturbed 
Zone (EDZ) Further experiments are 
planned in the nex t few years. The 
current proJ ect partners are the Swiss 
National Hydrological and Geological 
Survey, the French National Radioactive 
Waste Management Agency (ANDRA), 
the Swiss Co-opnative for the Disposai 
of Radioactive Was te (NAGRA), the 
japanese Power Reactor and Nuclea r 
Fuel Development Corporation (PNC), 
and the Belgian Nuclear Energy 
Research Centre CSCK/CEN) 

Conclusions 
A wide spectrum of argillaceous media 
is potentiall y suitable for the sa fe 
disposai ofheat-emitting and long-lived 
radioactive waste. However, in quanti
tatively assessing the performance of 
such media as a host rock, seve ral 
questions, co mmon to al! national 
programmes, remain open. 
The NEA Clay Club is addressing these 
ques tions through international 
collaboration and co-ordinated effort, 
thus demonstrating the ca pab ilily of 
geosc ientists to understand and 
charac terise nuid now in clay-rich 
media and, at the same time, helping to 

bu ild confidence in the performance 

of c1ays as barriers to the migration of 
rad ionuclides. 
One of the first conclusions of the 
Working Group's activities is the 
acknowledgment of the di ve rsity of 
argillaceous media considered by the 
different national programmes and , 
however, a commonality of experience. 
A further conclusion reached by the 
Group is the absolute necessity of a 
multidisciplinary approach lO reso lve 
the remaining important issues in thi s 
area. An indirect achievement has been 
the creation of a network of identiFied 
experts within the waste management 
and scientific communities. 
The closing comment oF the 1994 Clay 
Club workshop sums up the situation 
ext remely well: "We are dealing with 
an essentially multid isciplinary science 
and , in order to make headway with 
some of the more challenging problems 
facing us , it is essential that we interact, 
communicate, sha re common experi
ence and debate the key issues. This is 
the raison d'ê tre for the Clay Club ." . 

Notes 

t . I-Iydraulic and liydrochcl11ical Characterisatl(ln 
of A rgillacLous Roch. Procccdings of <Ill 

Intenw (i onal Wnrks l)()J', Nottingham, United 
Kingclo m, ï-9 J W IC 1994. OECD/NEA, 1995. 

2. WaIL I; Gas and Solute ~ r o\'el11cnl Thl'Ough 
AI-gi J/a cwus Media. A report by th e "C la)' 
C lub" (CC-96/1) O EC DIN EA, 1996. 



Nuclear power in NEA countries 
Situation as of 31 Oecember 1995 

At the end of 1995, th e to tal capacit y provided by the 344 reac tors now install ed was 286 .2 gigawatLs (GWe) 
Another 15 reacto rs total ling 15. 8 GWe were und er construction an d six reactors to talling 5.6 GWe were firrnl y 

cornmitted. The to tal ca pacity of nuclea r powe r plants in NEA countri es in th e year 2000 and 2010 is projected Lo be 
about 30 1.8 and 321. 4 GWe, respectively Th e 0 .3 GWe of capacity th at is expected to be retired by th e year 2000 is 
already deducted from these proj ec tions 

NucLear electricity capacity in NEA countries 

1995 (Actua l) 2000 2005 2010 
NEA Country 

Net GWe % Net GWe % Net GWe % Net GWe % 

Belgium 5. 6 373 5.6 34.1 5.6 31.8 5.6 3l.5 
Canada 15.4 n6 14ï no 15.4 12.7 15.4 122 
Finland 2J 17.0 2.6 15 .8 2.6 15.6 2.6 15.6 
France 58.5* 54.4 643 56.8 64.1 54.7 67.0 54.0 
Germany 227* 193 23 1** 19.6 23.1** 19.1 23.1 ** 18.7 
Japan*** 393* 19 .6 42.9 183 54.0 ' * 21.6 66.5 23.7 
Korea 8.6 26.8 137 26.0 18.7 27.5 263 33.1 
Mexico 1.3 4.0 1.3 3.5 1.3 2.9 13** 2J 
Netherlands 0.5 2.6 0.5 1.8 0.0 ** 0.0 0.0** 0.0 
Spain 7.0* 15.2 7.0 132 8.5** 14.8 10.0** 14.7 
Sweden 10.0 293 10 .0** 28.7 10 .0 28.7 0.0*' 00 
Switzerland 3.1 19.4 3.2 19.6 3.2 18.8 3.2 18.1 
Turkey 0.0 00 0.0 0.0 1.0 2.4 2.0 33 
Uni ted Kingdom 12.9* 18.5 12.9** 15.7 9.8** 10.8 7.4 * " 7.4 
United States 99.0 12.9 100.0 12.4 100.0 12.0 91.0 10.4 

1 NEA Total 286.2 15.9 301.8 15.4 3173 15 .2 321.4 14.4 

Status of nucLear power plants 

Connected to the grid Unde r construction Firmly commilted Planned 
NEA Country 

Units Net GWe Units Net GWe Uni ts Net GWe Units Net GWe 

Belgium 7 5.6 - - - - - -

Canada 22 15.4 - - - - - -

Finland 4 2J - - - - - -

France 56 58.5 4 5.8 - - 2 2.9 
Germany 21 22.7 - - - - - -

Japan'** 50 393 4 3.9 2 1.6 20** 21 .8*' 
Korea 10 8.6 6 5.1 4 4.0 8 9.2 
Mexico 2 1.3 - - - - - -

Netherlands 2 0.5 - - - - - -

Spain 9 7.0 - - - - 4** 3.0* * 
Sweden 12 10.0 - - - - - -
Switzerland 5 3.1 - - - - - -

Turkey - - - - - - 2 2.0 , 
1 

1 United Kingdom 35 12.9 1 

- - - - - -

United States 109 99.0 1 1.0 - - - -

1 

NEA Total 344 286.2 15 15.8 6 5.6 36 38.9 
1 

Prov is io nal dala. *** Gross ca pac ily da la convcned lo ne l by lhc NEA Sec rela ri at. 

ESlimat e eS labl ished b l' lhe N EA Secrelariat. 
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News briefs 

Multilingual glossary on nuclear plant ageing 

The NEA is publishing, in 
co njunction with the 

International Atomic Energy 
Agency (lAE A) and the 
Europea n Co mmission , a 
multilingual glossa ry en
titled In ternational Termino
logyIor Nuclea r Plant Ageing, 
in [ive languages (Engli sh, 
Fren ch , German , Ru ssian 
and Spanis h). 
Among more than 
400 nu clear reactors 
currentl y operat ing in th e 
world , about 30 are over 
25 yea rs old ln addit ion , 
there are 70 reactors shut 
down permanently partl y 
becau se of agei ng probl
ems. Issues aris in g From 
power plant ageing dif[er 
[rom fac ilit y to fa cilit y 
acco rdin g to reac tor 
des ign-type. As th e 
se rvice life of nu clea r 
power plants in creases, 
th ese Iss ues are not 
limited to a single country 
and go beyo nd national 
bord ers sin ce tec hni ca l 
and economic aspects may 
be co mmon to seve ral 
types of reactors. Further
more, attempts to fa cili
ta te c1 ea r commu nicat ion 
in these areas are rece iv
ing more attenti c)l1 as 
plant life and ageing 
beco me more important 
issues in nu clea r power 
plant management 
The NEA's work on th e 
preparation of a multi-
1 i ngua 1 glossa ry co n-

ce rnin g nu clea r plant 
age ing is based on the list 
of more th an 100 English 
term s co ntained in the 
pocke t glossa ry entitl ed 
Co mm on Aging Termin o
logy, publi sheel by th e 
US Elec tri c Po wer Re-

sea rch Institut e (EPRI) 
j ointly with the IAEA anel 
the European Co mmis
sion , a small expert gro up 
[rom NEA Member co un
tri es has es tab li sheel th e 
respect ive equivalents of 
these term s in four other 

languages. It al 50 inclucl eel 
some key ideas [or a beLler 
und erstanelin g of age in g 
issues . Great care has been 
ta ken to ensu re that lhe 
desc ripti on o[ each ter m 
is stanelarelizecl within ilS 
own language _ 

Infrastructure for nuclear energy 

As OECD co untri es are 
not , in general , 

buileling as man y new 
nu clear power plants as 
use el to be th e case, 
nuclea r plant co nstruction 
industri es ha ve hacl less 
procurement [rom utili
ti es . Venelors are shi[ting 
th eir effo rt s into main 
tenance anel othe r services 
to ex istin g plants, 
includ ing refurbishm ent 
of age in g plants . Th ere
for e th ere are 50 me 
concerns that th e basic 
fabri c of nu clea r industry 
is being eroel eel. Another 
co nce rn is that nu clear 
regu 1 a to ry bod ies will 
begi n to lose experience 
of licensin g new plant s. 
Furtherm ore ail secta rs of 
th e nucl ea r co mmunit y, 
including utiliti es, co ulel 
be af[ected by reductions 
in the suppl y of approp
riately educated graeluates 

as uni ve rsiti es close rele
va nt courses anel ex 
per ience el teac hin g staff 
ret ire . Simu ltaneous ly, 
man y nucl ea r research 
in stitutes are diversifying 
into non-nu clea r fi elel s, 
thu s diluting their ability 
to support inelu strial 
res ponses to new 
opportun ities or problems 
for the nu clear inclustry 
It ha s been sugges ted in 
so me quarters that these 
trenel s co uld lead ta 

seve re co nstraints on th e 
possibi lity of undertaking 
an expa nel eel nu clea r 
co nstru ction programm e, 
whi ch co uld be needed 
earl y in the next century, 
if onl y ta replace ex isting 
nu clea r generating ca pa
cit y lt has also been 
sugges teel that enhan ced 
international co-operation 
cou lcl be helpful 111 

mitiga ting aelverse conse-

qu ences of the trenel s. 
With thi s in mind , the 
OECD Nuclea r En ergy 
Agency organised on 
10-11 J un e 1996 an 
in terna tio nal wo rks hop 
on "Infrastructu re fo r 
Nuclear En ergy Deve lop
ment ", with th e aim of 
stim ulating discussion 
between govern ment an el 
indu str y, anel be twee n 
them and the eelu cationa l 
and resea rch sec tors, on 
current anel fo reseeab le 
trenel s which will co ndi
tion th e future use of thi s 
source of energy; and on 
potenti al measures th at 
cou ld maintain the ability 
of industry ta support sa fe 
anel eco nom ic ope rati on 
of nuclear capac ity as we il 
as to prepare for future 
opportunities . 
The next issue of th e NEA 
Ne wslette r will rep ort on 
th e re sult s of thi s 
meeting. _ 



New NEA 
publications 
Chernobyl 
ten years on 
Radiological and Health 
Impact 
Frce uron rcquesl 

h AEN 
G<fNEA 

CHERNOBYL 
Ten Years On 

Radiologic~ 1 and Hcalth Tmpact 

"',. 
2 

To mark the ten th ann iver
sary of the Chernobyl 

accide nt, the NEA Committee 
on Rad iation Protection and 
Public Health just publi shed 
a concise report reviewing the 
current kno wledge of t he 
seriou s impacts of the 
accident, taking stock of the 
information accumulated over 

the las t decade and th e 
scientific studies under way, 
and assessing to which degree 
national aut horitie s and 
experts have implemented the 
numerous lesso ns learned from 
the accident. 

Nuclear law 
bulletin 
ISBN 92-6-1- 1-1727-6 
Ann uél/ S,lbscri [11ion 
France: FF 2-10 
Ebnl'ilclc FP 290 USS58 
Dl\ ISS 

No. 57 + Supplement 

JUll e 1996 

OECO nuclear 
energy data 
1996 
ISBN 92-6-1-0-1840-5 
Fra/1 ce: FF 95 
E/sclI'here: pp 125 US$24 

DM36 

AGWCf POUR l'EtlERGIE NUCltAlRf 

Thi s book is t he OECO 
Nuclear Energy Agency's 

annual co mpilatio n of basic 
statistics on electricity gene
ration and nuclea r power in 
OECO co untries. The rea der 
will have quick and easy 
refe rence to the status of and 
projected trend s in total 
electricity generatin g capa
city, nuclear genera tin g 
capacity, and actual electricity 
produ ction , as weIl as to 
supply and dema nd for nuclear 
fue l cycle services. 

Information 
System on 
Occupational 
Exposure (ISOE) 
Fourth Annual 
Report 
(1969-1994) 
Prec ,1[1on requesl 

Uranium 1995: 
Resources, 
production and 
demand 
ISBN 92-6-1-1-1875-2 
France: pp 350 
E/sewhue: FF 4-10 US$86 

Dlv(] 27 

--------
~___ =-~--=--=----=--=--::ê......-- =""--__ _ 

RESOURCES. 
PRODUCTION AND DEMAND 

This NEA- IAEA Red Book is 
the foremost re ference on 

uranium . Thi s world report 
provides compilations of sta
tisti cs on resources, explora
tion , prod uction and demand 
as of 1 January 1995 for 54 
countries, and substa ntia l new 
infor mation from countries in 
Africa , Eastern Eu rope and the 
Ne w Independe nt States. It 
also provides an international 
expert ana lysis of statistics 
and worldwide projections of 
nu clear energy growt h, ura
nium require ments and ura 
nium production capabili ty. 

Water, gas and 
solute movement 
through 
argillaceous media 
A Repo rt by the NEA Wo rking 
Group on Measurement and Phy
sica l Understanding of Gro und
water Flow Through Argillaceous 
Media ("Clay Club") 
Free UpOI1 rcqu es l 

JJInternational 
evaluation CO

operation" Series 
Free U/JO/1 requesl 

Volume 1 - Comparison of 
Evaluated Data for Chromium-
52, Iron-56 and Nickel-58 

Volume 2 - Generation of 
Covariance Files for Iron-56 and 
Natural Iron 

Volume 3 - Actinide Data in the 
Thermal Range 

Volume 5 - Plutonium-239 
Fission Cross-section Between 
1 and 100 keV 

Volume 15 - Cross-section 
Fluctuations and Self-shielding 
Effects in the Unresolved 
Resonance Region 
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Future financial 
liabilities 
of nuclear 
activities 
ISBN 92 -6-f - ] 4795-0 
Fla/1 ce: FF 160 
ElsclVi1crc: FF 210 US$-f2 

Dlv/60 

FUTURE FINANCIAL LlABILITIES 
OF NUCLEAR ACTIVITIES 

This publication is the first 
comprehensive interna

tional review of the policies 
and schemes in place in NEA 
countries for recognising, 
reporting and funding financial 
liabilities arising from the 
operation and decommission
ing of nuclear facilities. The 
nuclear activities considered 
include uranium mining and 
milling , fuel-cycle service 
supply, power generation , 
reprocessing , waste manage
ment , research centres and 
isotope production . 
Policy makers from govern
mental agencies and electri
city utilities, in particular, will 
find results, conclusions and 
recommendations which will 
be useful to them given the 
current trend towards privatis
ing and liberalising the electri
city sector. 

Trends in 
nuclear 
research 
institutes 
ISBN 92-6-f-1-+78]-0 
Frcll1ce: FF 270 
ElsclVi1crc: FF 3-f0 US$68 

Div/98 

MOSt nuclear research insti
tutes were established 

several decades ago. Shifting 
governmental and societal 
interests and varying amounts 
and sources of resources, 
however, have led to changes 
in thei r missions, R&D 
priorities and field s of 
competence. 
This study conveys the results 
of a pioneering survey of the 
changes in research establish
ments and their contexts in 
some 40 nuclea r research 
institutes in 17 countries plus 
the European Commission. This 
study conveys the results of a 
pioneering survey of the 
changes in research establish
ments and their contexts in 
some 40 nuclear research 
institutes in 17 countries plus 
the European Commi ssion. 
Their experiences, benefits and 
projected future are presented 
here . 

Characterisation 
of long-term geo
logical changes 
for disposal sites 
ISBN 92-64-1-+829-9 
Fra/1ce: FF 155 
ElsclVi1crc: FF 200 US -f0 

DM59 

OECD DOCUMENTS 

Char,lclcnsn/ioll 
of Long-Lerm 

Geologiwl Challges 
for Di5/10$(/[ Siles 

"'n::, . ,,_t,.,OI(.~1I(;.U(CV 

.PbAEN 
OIff1NEA 

I nvestigations of long-term 
geological changes at poten

tial sites for radioactive waste 
disposal are an important part 
of numerous site character
isation and evaluation pro 
grammes. These investigations 
ana lyse the present characte r
istics of the si te, their differ
ences in the geologi ca l pa st 
and their likeliness to change, 
The results indicate the geo
logical stability of the reposi
tory area and serve for deve l
oping scenarios and bounda ry 
conditions for analysing the 
safety of the repository, 
These papers and executive 
summary from an international 
Workshop organi sed by the 
OECD/ NEA Co-ordinating Group 
on Site Evaluation and Design 
of Experiments fo r Radioactive 
Waste Disposal (SEDE) address 
the emerging issues related to 
the characterisation of long
te rm geologica l changes and 
review experience in nationa l 
programmes for radioacti ve 
waste disposal, They stress the 
importance of gathering infor
mation on long-term geological 
change to assess repository 
safety, to site and to design 
such facilities, and of adopting 
a multidisciplinary app roach , 

Eurochemic 
1956-1990 
ISBN 92 -6-f-1-+792-6 
Fra/1cc: FF 690 
Elscwhcrc. FF 830 US$ J 70 

DM2-f0 

EJlll~l-!.§MJÇ 
1956'-1990 

Thirty·fI .... l'e9f.svfln ... ......... ... · ...... <IIMf> "' _ fitoId __ ................ ' 
!d:==~:=-_*'::. 

Eurochemic was th e fir st 
~oint undertaking of th e 

European Nuclear Energy 
Agency, established in Dece m
ber 1957 to develop interna
tional co-operation in recycl
in g spe nt fuel from nuclear 
po wer plants in orde r to 
extract t he residua l uranium 
and pluton ium , 
Eurochemic ma de an out
sta nding contributio n to 
scientifi c and techni cal pro 
gress in nu clear chemist ry in 
Eu ro pe, pa rticularly as a train
ing groun d for specia lists, 
Eurochemic subseq ue ntly made 
a highly successful move into 
radioactive waste management 
and provided a rich so urce of 
information , 
This report will be of interest 
to anyone concerned with 
international co-operative ven
tures that have arise n fro m 
nuclear developments as well 
as current problems of the ta il
end of the nu clear fuel cycle, 
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Suksit Siam Co. Ltd. 
113. 115 Fuang Nakhon Rd. 
Opp. Wat Rajbopith 
Bangkok 10200 Tel. (662) 225 .953112 

Fax: (662) 222.5 188 

TRINIDAD & TOBAGO 
SSL Systematics Studies Lirrtited 
9 Watts Street 
Curepe 
Trinadad & Tobago. W.1. 

TUNISIA - TUNISIE 
Grande Librairie Spécialisée 
Fendri Ali 

Tel. (1 809) 645.3475 
Fax : (1 809) 662.5654 

Avenue Haffouz lmm EI-lntilaka 
Bloc B 1 Sfax 3000 Tel. (216-4) 296 855 

Fax: (216-4) 298.270 

TURKEY - TURQUIE 
KUltllr Yayinlari Is-TUrk Ltd. Sti. 
Atatllrk Bulvari No. 1911Kat 13 
Kavaklidere/ Ankara 

Tel. (312) 428.11.40 Ext. 2458 
Fax: (312) 417 24 90 

Dolmabahce Cad. No. 29 
Besiktas/Istanbul Tel. (212) 260 7188 

UNITED KINGDOM - ROYAUME-UNI 
HMSO 
Gen. enquiries 
Postal orders only: 

Tel. (0171 ) 873 0011 

P.O. Box 276. London SW8 5DT 
Personal Caliers HMSO Bookshop 
49 High Holborn. London WC 1 V 6HB 

Fax: (0171) 873 8463 
Branches at: Belfast. Birmingham. Bristol, 
Edinburgh, Manchester 

Externe Fondsen 
Postbus 200 14 
2500 ENs-Gravenhage 
Voor bestellingen: 

Tel. (070) 37.89.880 
Fax: (070) 34.75.778 

SWEDEN - SUÈDE 
CE Fritzes AB 
S-I06 47 Stockholm Tel. (08) 690.90.90 UNITED STATES - ÉTATS-UNIS 

Fax: (08) 20.50.21 OECD Washington Center 
2001 L Street N.W .• Suite 650 

NEW ZEALAND -
NOUVELLE-ZÉLANDE 
GPLegislation Services 
P.O. Box 12418 
Thorndon. Wellington 

NORWA Y - NORVÈGE 
NIC INFO N S 
Bertrand Narvesens vei 2 
P.O. Box 6512 Etterstad 
0606 Oslo 6 

PAKISTAN 
Mirza Book Agency 
65 Shahrah Quaid-E-Azam 
Lahore 54000 . 

Subscription Agency/Agence d'abonnements : 
Wennergren-Williams Info AB 
P.O. Box 1305 
17125 Solna Tel. (08) 705.97.50 

Fax: (08) 27.00.71 

Tel. (04) 496.5655 SWITZERLAND - SUISSE 
Fax: (04) 496.5698 Maditec S.A. (Books and Periodicals - Livres 

et périodiques) 
Chemin des Palettes 4 
Case postale 266 
1020 Renens VD 1. 

Tel. (022) 57.33.00 
Fax: (022) 68.19.01 Librairie Payot S.A. 

4, place Pépinet 
CP 3212 
1002 Lausanne 

Tel. (42) 735.36.01 Librairie l)"nilivres 
Fax: (42) 576.37.14 6, rue de Candolle 

1205 Genève 

Tel. (021 ) 635.08.65 
Fax: (021) 635.07.80 

Tel. (021 ) 320.25 .11 
Fax: (021 ) 320.25 .14 

PHILIPPINE - PHILIPPINES 
International Booksource Center Inc. 

Tel. (022) 320.26.23 
Fax: (022) 329.73.18 

Subscription Agency/Agence d'abonnements: 
Rm 179/920 Cityland 10 Condo Tower 2 
HV dela Costa Ext cor Valero St. 
Makati Metro Manila Tel. (632) 8179676 

Fax: (632) 817 1741 

Dynapresse Marketing S.A. 
38, avenue Vibert 
1227 Carouge Tel. (022) 308.07.89 

Fax: (022) 308.07.99 

Washington, D.C. 20036-4922 Tel. (202) 785.6323 
Fax: (202) 785.0350 

Internet: washcont@oecd.org 

Subscriptions to OECD periodicals may also be 
placed through main subscription agencies. 

Les abonnements aux publications périodiques de 
l'OCDE peuvent être souscrits auprè s des 
principales agences d' abonnement. 

Orders and inquiries from countries wbere Distribu
tors have not yet been appointed should be sent to: 
OECD Publications, 2, rue André-Pascal , 75775 
Paris Cedex 16, France. 

Les commandes provenant de pays où l'OCDE n' a 
pas encore désigné de distributeur peuvent être 
adressées aux Éditions de l'OCDE. 2, rue André
Pascal. 75775 Paris Cedex 16. France. 
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