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COMMUNICATION FROM THE COMMISSION TO THE COUNCIL

SUBJECT: Present situation and prospectrs {n the field of radioactive waste

management in the Furopean Community,

PRFFACE

In its resolution of 18 February 1980,* the Counc{! approved a Communitv
plan of action in the fleld of radioactive waste. The plan refers to the
problems posed by radioactive waste from nuclear installations and, {n
particular, those concerning the management and storage of high level
and/or long-lived waste. It runs from 1980 to 1992 and 18 reviewahle
every three years,** :

Point 1 of the plan provides for continuous ann1ynis of the situation ns
regards rad{oactive waste management in the Community with a view to
adoption of the necesaary solutions. This analyais must cover:

- the techniques available and 1installations already 1in existence or
planned by the Member States for the various stages of radioactive
waste management, including processes and practices for final diepo-
sal;

~ technological research and development work which the Memher States
and the Community intend to carry out;

~ management practices which have been, or are to he, defined in the
Member States for the varfous categories of waste;

- the estimated implementation dates and schedules,

The information and results obtained from the analysis are to be used
"to keep the Community and the Member States constantly up to date on
work and achievements Iin the management and storage of vradioactive
waste, having regard to nuclear programme requirements',

ki

0.J. No C 51 of 29 February 1980,

In the light of the situation described herein after and in accordance
with the opinfon of the competent Advisory Committee on programme
management (0.J, No C 51 of 29 February 1980 and 0.J. No L 177 of 4 July
1984, p. 25) delivered on 12 November 1985, the Commission considers
that there are no reasone to modify the plan of action for the time
being. This Commission decision will be the subject of a further commu-~

nication,.
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In 1983, the Commission forwarded to the Council a first report* on the
situatfon 1n. 1982 and prospects 'in the management of radiocactive waste
in the Community. Member States up.to the end of the century. The append-
ed report, which describes the situation in 1986 and was drawn up on the
basis of information supplied by the Member States, is now being for-
warded. The Commission intends to keep the Council regularly informed
throughout the duratfon of the plan by presenting further reports.

I1. PRESENT SITUATfON AND PROSPECTS IN THF FIELD OF RADIOACTIVE WASTE
MANAGEMENT

The Coriiission wishes to draw the Council's attention to the following
points:

A) Ae already pointed out in the 1983 report, the high level of develop-
ment in the Member States results in the production in the Community
of radioactive waste of many differént categories and origins (see
Chapter I of the report),

In terma of the radioactivity it contains, waste from nuclear power
stations and the associated fuel cycle plants accounts for the most
of the waste prodiuced. This applies only to States that possess
nuclear power programmes. The present estimates of the volume of
cumulative waste arisingas over the 1986-2000 period are lower than
those made 1in 1983, but the order of magnitude remains unchanged.

' This decrease chiefly reflects a downward revision by about 25Z in
this report of the estimated installed nuclear power capacity in the
Community of the Twelve in the year 2000 as compared with the fore-
casts made in the Community of the Ten in 1983,
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In terms of volume, a conaiderahle proportion of radioactive waste
conasists of waste arising from medical usea, non-nuclear industry and
research, This is true of all Member States.
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B) The situation as regards radiocactive waste has therefore to be
analysed by category, each category covering similar types of waste,
From the technical standpoint, the situation 4in the Community at
present can be described as follows (see Chapters II and TII of the
report): '

7

e B Ry e g O DR S e L s e T AR R e R A e R Dy 4 LN iy SO LAY e S PR 13
g R T P e e St e ey S TR EHTTF Ry e S e T e 2 3 j T 3

wf@

< T e e ST
Sabpv ot S Fa RS Fuirrdy Sl Log e

5’6,

AT

. Some 30 years' experience has been acquired with the management of

low~ and medium-level waste; roughly one million m> of waste has

already been definitively disgosed of, a quantity whic¢h 1is approxi-—
mately equivalent to the volume likely to be produced in the Commu-

nity as a whole between now and the end of the century. Land dispo-

sal, mainly by shallow burial, has accounted for 94% of this volume

and sea dumping for the remaining 67.

* Communication from the Commission-tp the Council "First repoft on the
present situation and prospects in the management of radioactive waste
in'the‘Cpmnudity"4doc.'C0H(83)262 final of 16 May 1983.



The.international suspension ‘of ses dumping eince the last such opera-
tions were carried -out: in- 1982 has obliged several Member States to
concentrate, their . efforts on" adaptation ‘to -lané disposal, In its 1983
communication, the Commission had already drawn the Council's attention
to the ‘need. for’ further development of .land:disposal in the Community.
Any alow-down in New or. existing programmes in this field, particularly
as regards . opening up new sites, should be avoided. It is also advisable
for this option to benefit -continuously from technological progress,
and, when the need arises, for exchanges of know-how between the natio-
nal organisations involved to be promoted.

. Basic technologies for the management of long-lived waste (wante
contaminated mainly by alpha-emitters, producing little heat, and
high~activity waste, generating a considerable amount of heat) are
available and some of them have reached the stage of industrial applica-
tion (waste vitrification) (see Chapter II). Nevertheless, development
work should be continued, particularly on treatment and conditioning
processes to render alpha-contaminated waste suitable for disposal in
deep-~-lying geological formations.

. Waste containing alpha-emitters has hitherto been stored pending
disposal. It was 1initially believed that sites for the geological
disposal of such waste would be available by 1990 (see 1983 Communica-
tion), but it 418 now evident that this will be true of only one site,
others becoming available towards the year 2000. Since nothing is to he
gained by delaying the disposal of this type of waste, efforts should be
made to avold further delays in selecting and operating disposal aites.

. Disposal of high-level waste and/or spent fuel at great depths in
suitable geological formations is being studied in all Community coun-
triea which possess or intend to possess a nuclear power programme. Such
formations, for example salt, clay and crystalline rock, are widely
present in the Community. The 1983 communication indicated that the
feasibility of this type of disposal seemed to be proven., The knowledge
already acquired 1is now being supplementcd and verified through research
in several deep underground laboratories. The feasibility of the concept
will be demonstrated further through the operation of several experimen-
tal underground installations, existing or planned, as the forerunners
of 1industrial-scale installationa. In view of the need to allow highly
active waste - and possibly spent fuel - to cool down over storage
periods lasting up to several decades before disposal 1s carried out,
the present situation may be said to be satisfactory.

It should be pointed out that experience has shown that several decades
are likely to elapse between the initiation of research and the start of
industrial-scale operation of deep disposal facilities. It is thus hence
imperative that the work in progress be continued unremittingly.

Finally, it must be emphasised that this research work as a whole forms
an integral part of the 3rd Community R&D programme, and the Community
both provides significant support for the financing and coordination of
the research and promotes information exchange.

« The safety of disposal cannot be verified easily, since extremely
long-term assessments (several centuries in the case of low- and medium-
“level waste and chousands of years in that of alpha waste, high-level
waste and. spent fuel) ‘sre required which are beyond the realm of direct
'experience. - :



Hence, in addition to legal. regulatory and administrative provisions
covering .the. .peaceful 'use. of nuclear energy in the Community . Member
States, specific: provisions are necessary to ensure safe disposal. Such
provisions already exiat or are in preparation and can be divided into
two categories. o

The first~category"covefs‘the definition and evaluation of radioactive
packages and the associated quality-control criteria and procedures, the
underground disposal facilities and the storage sites in order to ensure
that disposal 1is carried out with the requisite level of safety. All
national procedures make provision for a public inquiry regarding the
selection of the final sites.

The second category covers the structures required for the preparation
and execution of disposal operations. All Community Member States which
possess nuclear power programmes now entrust all or part of these tasks
to executive organizations or special agencies on the basis of the
polluter-pays principle. Substantial progress has been achieved in
comparison with the situation described in the 1983 Communication.

Harmonization of these provisions at Community level would be desirable,
but, in view of the importance of the characteristics specific to =a
given disposal site, the scope of the provisions will have to be limited
eggentially to qualitative basic principles, which are, in fact, already
harmonized to some extent.

III. RESULTS OF THE COMMISSION'S ACTIONS

In 1ts 1983 communicatdon, the Commission put forward the course of
action which 1t consildered should be adopted in the field of radiocactive
waste management and which has been pursued as follows:

- As regards R&D activities, the research programmes in question (Joint
Research Centre 1984~1987 and shared cost research programme 1985-
1989) were presented to the Council in 1983 and 1984, respectively,
and are being Implemented.

~ As regards the promotion of demonstration activities, studies and/or
projects on geological disposal at experimental or pilot-plant level
are in progress in Belgium, Spain, France and the Federal Republic of
Cermédny; thess activities are covered by a special chapter of the
abovementioned shared-cost Community programme.

~ As regards promotion of cooperation between Member States, arrange-
ments have been made to enable national organisations which wish to
do so to participate in research relating to the underground experi-
mental installations. The Netherlands 1is participating in the German
project and France in the Belgian project, Participation by other
countries is under study.

1V. RECOMMENDATIONS

In the 1ight of the analysis set out in the appended report, which is
gsummarized 'in ‘Section II' above, the Commission wishes to draw the
Council's attention to the following points:

Ee




‘»radioactive waste management 18 an 1mportant feature of safety and
fenvironmental protection.‘Immediate priority must be accorded to the
adoption of management ‘practices, particularly the selection and
-opening-up of diaposal sites (for permanent disposal);

the: Commuhity 'gction which has been successfully undertaken for
several vears with the support of the Community institutions must be
energetically continued, both with regard to R&D and along the lines
laid down in the Community plan of action in the field of radioactive
waste. This mainly implies the encouragement of technical cooperation
‘between Member States; concerted action on management practices and
‘criteria and harmonization where necessary; 1information for the
public ete.
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EXECUTIVE SUMMARY

The Community plan of action in the field of radfoactive waste for
1980-~92 provides for continuous analysis by the Commisaion of the
si{tuation regarding radioactive waste management in the Community.

A first report was forwarded to the Council in 1983, The present
report updates and supplements the information presented i{n the
firat report; it algo provides information on the situation in the
countries which joined the Community 1in 1986, namely Spain and
Portugal. ‘ ’ '

All Member States produce radiocactive waste from medical and
non-nuclear industrial activit{es and research; thia waste accounts
for a significant proportion of the total arisings. Member States
with nuclear power programmes also huve t¢ cope with waste from
nuclear power plants and the i{nstallations of the associated Juecl
cycie, which, In terms of the radioactivity {t contains, accounts
for most. of the waste produced.

The present estimates of cumulative waste arisings over the [986-
2000 period are lower 1in terms of both volume and radioactivity
than thosc made in 1983. This decrease chieflly reflects a downward
revigion by about 257 of the escimated inatalled nuclear power
capacity in the Community of the Twelve (n the year 2000 as compar-
ed with forecasts made 1n the Community of the Ten {n 1987,

Nevertheless, the foreseeable order of magnitude of cumulative
arisings of radicactive waste for the Community as a whole over the
1986-2000 perfod remains unchanged: about one million m° of jow-
and medium-level waste, severudl tens of thousands of m°- of waste
containing alpha emitters and several thousand =~ of high-level
vitrified waste. These volumes are small 1in comparison with the
arisings of non-nuclear indusntrial waste which, 1f not adeguately

stored and disposed of, can be dangerous to man.

Some 30 years' experience has been acquired with the managzement of
low- and med{um-level radioactive waste; roughly one miilion m° of
waste has already been definitively disposed of, a quantity which
is approximately equivalent to the volume likely to he produced in
the Community as a whole by the end of the century. Land disposal,
mainly by shallow burial, has accounted for 94% of this volume and
sea dumping for the remaining 6%,

The international suepension of sea dumping since the last such
operations were carried out in 1982 has obliged several Member
States to concentrate their efforts on adaptation to land disposal.
New sites on land will hence have to be opened up.

Basic technologies for the ménagement of alpha and high-level waste

are now available and some of them have reached the stage of
industrial application. Nevertheless, development work should be
continued, particularly on treatment and conditioning processes to
render alpha-contaminated waste suitable for disposal in deep-lying
geclogical formations.
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#aste containing alpha emitters has hitherto been stored pending
disposal. Although 1t was in{tlallv expected that sites for the
genlogical disposal of such waste would be availabhile earlv in the
last decade of the centufy. it {8 now evident that only one will he
ready hefore half of the decade has elapsed. That exception (s the
ferman dispusal smite KONRAD: the decision to grant an operating

"lleense 18 expected to he taken towards 1460, Since nothing is to

be pnined by delaying the disposal of thin type of waste, efforts
should be made to avoid further delays 1In selecting and opening up
dispngal sites,

Disposal of high-level waste and/or spent fuel at preat depths fin
suitable gpeological formastions 15 betny studied in all Communicv
countries which pogsesas a nuclear power prosracme. Such formations,
for example salt, clay and crystalline rock, are widelv present in
the Community. The knowledge already acquired 1is now heing supple-
mented and veritied through research {n several deep underground
latoratorfes. The feasilbiifty of the corcept will be demonstrated
further through the operation of several experimental underground
fonutallations, existing or. planned, as the forerunners ol indus-

trial-scale {ngtallations. The Member States concerned have sche-
duled the starc of construction or the entry into service of such
facilities tor the beginning of the next centurv, in view of the
need to allow highly active waste - and possiblv spent Tuel - to
cool down nfter storage perlods which are decermined, In parti-
cular, by the {ntended host rock; in the case of some types of
yeologicnl formation, decades mav he required.

This rescarch as a whole forms an integral part of the Community's
R&D programme, and the Communicy both provides significant support
for the financi{ny and coordination of the research and promotes
informacion exchanpe, Cooperation between Memher States 18 on the
{ncrease and {8 furthered; in particular, by arrangements which
enable orpanisations and research workers 1in one Member State to
participate {n research in underground pilot installations in other
Member States under the Community's R&D programme.

The safety of disposal cannot hbe verified easily, since long- of
very long~term assessments are required which are beyond the realm
of direct experience. Progress 18 being made in evaluating the
performance of isolation asvstems, particularly at Ccmmunity level
within the framework of the PAGIS project (Performance Assessment
of Geological lIsolation Systems).

Specific provisions are hence necessary to ensure safe disposal,
and can easily be divided 1into two categories:

The first category covers the definition and evaluation of radio-

.active packages and the associated qualicy-control criteria and

procedures, the stcrage installations and the underground reposi-
tories in order to ensure that disposal 18 carried out with the
requisite level of safety. All national proccdures in this field
make provision for & public inquiry regarding the selection of the

final sites.

The second category covers the structures required for the prepara-
tion and execution of the disposal operations. All Community Member
StaCes which possess nuclear power programmes now entrust all or
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on the basis of the polluter-pays principle., Substantial progress
has been achieved in comparison with the situation described in the
1983 Communication. '

Efforts are being made under the Community Plan of action in the

field of radiocactive waste to harmonise some of these provisions,

where guch harmonization seems feasible and necessary.

Radiocactive waste management is important to safety and environmen-
tal protection. In consequence, it 18 {imperative that current
projects be successfully completed BY continuing R&D work at both
national and community levels. The highest priority must be accord-
ed without delay to the selection and opening-up of disposal sites,.




1980-92, approved by the.Council of Ministers of the European Communi-
ties in February 1980%, provides under point 1 for continuous analysis
by the Commission®of the aituation regarding radioactive vaste manage-
ment in the Community.‘i“ ; R

: W
' .

To enahle the Communit§ and the Member Stntes to make ‘use of "the
results of such an analyais, the Commission reports periodically to’
the Council of Hinisters.é v -

P

The firat report was forvnrded to thc Council in .1983%%*, The present
report i{s thus- the gsecond of its kind; it updates and supplements the
information ‘presented in the first report and for the firat time
provides information on thc situation in the countries which joined

The report incorporetcs only “in’ abridged form, ‘and to the extent
necessary for an understanding of the text, the general information on
radioactive waste set out in the first report, to which the reader
will hence‘have.to refer when the need arises. -

*

'Communication‘from:the_Commiseion to the Council of Ministers of
* the! European Communitiea{iboc“*COH(BB) ‘262 of 16 May 1983 "Analy- - .
preeent situation and”’ prospects in the field of
radioactive'waste management in' the Community




Thrce typea of:activity vhich generate rndionctive wasté can be
considered within the Furopean Communit)*'

- nuclcnr pover prnduction.,‘
DL renenrch nctivitien,. :

ttnnce of thene sources variea considerably from
one Community country. to another;.all Community countries common-
1y use radioactive ‘elements for reaearch, industrial and thera-
peutic purpnses, It ia the countri{es with nuclear power program-

"mes which  generate vaate'contnining most of the radioactivity
produced .and accountinp for the greater part of the radioactive
waste arlsing in the Community aa a whole.

51;2;'Rndindctive Qnéte'cntcgoriea

. N

-'3- Rndionctive wnqte compriscs ‘a grcnt vnriety of materials. These
mnterinla canuhave different. phyaicul/chemicnl states, can emit

ranging ove severul

Jorders of“magnitude.g_ "

Clearly. this diversity.results,in widcly differing potent{al
;hazardq and; therefore necessitates ‘different types of management.
JRadionctive wnate muet hence be classified by cntegoriea.

.1-‘
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Thc claseificntion'described below haa already been uaed in the
firsc report;(1983T'and waa'chosen because it 18 the best way of
B B i the«Community. .quantitative data on
condit{bhed radioactive -waste - produced in the
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severnl types of”radiation**'and -can have radioactivity levels .
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Four main waste categories are distinguished:
- 1ow-1eve1 waste.
- medium=-level waste,

- alpha waste,
highflgvel waste,

These categories, and the iInclusion of a "type'" of waste in one
category rather than in another, are obviously not of a repula-
tory or normative nature, Hofeover.,the wmanagement practices {n
some Member States may be guch that categorles or tvpes of wante
identical to those considered in this report mav not exist at
national level.

(a) The low-level waste category covers waste (mainly technolo-
gical)  containing or suspected of containing bheta-gamma
emitters and mainly naturally occurring alpha emitters {n
low concentrations (and therefore of low activity) produced
by research centres and arising from industrial and medical
uses of radioactive elements and from the operations conduc-
ted in various installations invelved in the nuclear fuel
cycle., The concentration of the other alpha emitters (pluto-
nium, americium, etc.) in this waste category {s very low
and 1s very strictly monitored. The radioactivity of such
wagstes becomes ncgligible through natural decay after
several centuries at most. The waste produces only neglipi-
ble amounts of heat.

(b} The med{ium-level waste category* comprises waste containing
mainly beta-gamma ecmitters 1in relatively high <zoncentra-
tions. This waste ocriginates, for the most pdrt, in nuclear
power . stations (ion-exchange resins, filter cartridges,

. evaporator concentrates, etc,). The alpha-emitter concentra-
tion .in waste of this category is extremely low, as in the
case of low-activity waste. Only negligible amounts of heat
are gerierated.

(¢) The waste in the alpha waste category* comprises technologi-
cal and process waste from nuclear laberatories conducting
research on transuranics, plante fabricating uranium-pluto-
nium mixed-oxide fuel elements and spent-fuel reprocessing
planta. .Some of this waste {s low-level waste containing
‘only alpha emitters. The remainder 18 medium-level waste
5containing alpha, beta ana gamma emitters which arises at

. reprocessing plants and includes hulls, caps and fines from

. fuel elements. The -radicactivity in such wastes persists for
‘very ~long periods because long-lived alpha emitters are
present, Only small amounts of heat are generated.

ST,

n . the Federal Republic of uermany, medium-level waste and alpha

-waste’ which produce ‘'only negligible amounts of heat are combined
“with waste inuthe ‘low-level. category in view of the fact that
_,deep-lying geological formationa will be used for the disposal of
'-'all categories of waste .
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(d) The high-level wagte category comprises, for the purposes of
this report, solely vitrified waste* containing the "ashes"
arising from nuclear combustion (fission products and
transplutonium elements which are alpha and beta-gamma
emitters). These ashes are separated from the unburnt
nuclear fuel . (uranium and plutonfum) 1{n radiochemical
installations (reprocessing plants) which treat the spent
fuel discharged from the nuclear power stations. Such waste
contains the greater part of the radiocactivity; 1t remains
dangerous for very long. periods and emits an appreciable
amount of heat for several centuries.

(e) TIf the decisfon 1is taken not to undertake reprocessing of
the spent fuel discharged from the nuclear power stations,
it 18 declared to be waste and constitutes a category
separate and distinct from high-level waste. The spent fuel
from the THTR reactor** in the Federal Republic of Germany
and that from the light-water reactors in Spain are examples
of such waste.

Discharges of liquid and gaseous effluents 1into surface waters
and the atmosphere, which take place with due regard to the
radiation protection regulations in force and are adequately.
monitored, are communicated to the Commission of the European
Communities and form the subject of periodic Commission reports;
they are not dealt with in this report,

A special category of low-level waste which 1is not covered by the
scope of this report, aince it is not relevant to the Community
as a whole, 138 made up of the residues from the extraction aund
processing of uranium ores. The quantities produced at the
extraction site are very great, and the natural radfonuclides
present release a radioactive gas called radon (?2% Rn). Dischar-
ges containing such waste undergo special treatment to reduce the
radiological risk to the public.

Nuclear power programmes

The production of radiloactive waste associated with nuclear power
programmes 18 directly proportional to the scale of those pro-
grammes. It also depends on the type of nuclear installation
under consideration***, It {ig therefore appropriate to recall how
such programmes were developed and to assess their future deve-
lopment prospects.

I1.3.
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In the Federal Republic of Germany, this category is defined as a
waste producing a significant amount of heat.

THTR: Thorium Hochtemperatirreaktor in Hamm/Uentrop.

It will be noted, in particular, that the GCR reactor type, which
is installed chiefly in the United Kingdom, and {its assoclated
fuel-cycle installations (reprocessing plants, etc.) produce
almost four times as much waste per unit of electricity generated
as the LWR reactor type with its fuel-cycle installations.
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Several Community countries have installed nuclear'pover plants
since the late 19508. The installed nuclear power capacity in the
Community rose gradually to reach about 77.5 GWe* in 1985,

As regards the future, the 1986 end-of-year forecasts relating to
the development of nuclear power programmes up to the year 2000

.are gummarized in Table 1.1, which shows, country by country and

for certain key years, the net nuclear power capacity insatalled,
committed and planned at the end of each year,

The estimates are obviously subiect to a number of uncertainties,
linked, on the one hand, with economic developments 1in the
various countries, and, on the other hand, with political deci-
rions concerning energy sources.

For the sake of comparison with the 1983 report, note should be
taken of the Danish decision not to adopt nuclear power produc-
tion, of a slowing-down in the ratea of development forecast for
the Federal Republic of Germany and France, and of the Ttalian
and Dutch forecasts regarding certain projects for the construc-
tion of nuclear power stations by the end of the century. Taken
a8 a whole, the estimate of the net nuclear power capacity
inastalled, committed or planned up to the year 2000 is about 307
(in order to obtain comparable values, the Spanish capacity has
not been taken 1into account) below what it was 4in the first
report in 1983,

Future production of waste in the Community Member States

The estimates given below refer to the annual production of
treated and conditioned** radioactive waste produced by nuclear
power programmes and the various fuel-cycle installations*** and
to radioactive waste resulting from research and the production
and utilization of radioactive elements in industry, medicine,
etc, They are based on information from national sources supplied
by Member States' delegates on the Commission's Advisory Commit-
tee on Programme Management "Management and Storage of Radioac-
tive Waste", which is.responsible for advising the Commission of
the European Communities during the implementation of the Commu-
nity plan of action in the field of radiocactive waste.

These estimates cover a period of 15 yeara, from 1986 to 2000,

Furthermore:

-~ A8 a result of technological progress in general and of the
research and development work undertaken in certain Member
States, processes for the treatment and conditioning of waste

%k

khk

This figure includes the Spanish capacity (5.6 GWe), which was

not included in the figures of the previous report.

Estimated volumes after treatment and conditioning by means of
current methods, despite the fact that some of this waste, in
particular alpha and high-level waste, will not be conditioned
for geveral years.

Except for the low-level waste arising during the extraction and

processing of uranium ores.
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TABLE I.1.

Nuclear power programmes in the Member States
of the European Community

e

! 1 . !
! ! Net power installed at the end of the year (CWe) !
! 1 (a) = power stations in operation, committed and !
! ! planned !
! ! (b) = only power stationas in operation or '
! ! committed !
! COUNTRY 1 : !
, ! ] ! - T ! '
. ! 1 1985 ! 1990, 1 1995 ! 2000 !
~ ! ! ! ! ! !
i ! t ! ! ! !
o3 ! BELGIUM (a) ! 5.4 ! 5.4 ! 5.4 ! 6.8 !
i ! (b)! 5.4 ! S.4 ! 5.4 ! 5.4 !
5 ' ! ! ! ! 1
i z ! . ! T ! 1
g ! FED. REP. (a)! 16,2 ! 23.6 1 24,9 1 21.5 !
il ! GERMANY  (b)! 16.2 ! 23.6 23,6 ' 23,6 !
i ! ! ! ! ! !
3 ] ] ] s T i
r ! SPAIN (a)! 5.6 ! 7.5 1. 8.4 ! 9.3 '
b ! (b)! 5.6 ! 7.5 ! 7.5 ! 7.5 !
' ! ! ! ' ! : ! !
] ] ] 1 i !
! FRANCE (a)! 38.8 | 57.3 ! 65,0 1 70,0%
! (b)! 38.8 ! 57.3 ! 61,0 1o6l,0 . !
! ! ! ! ! . !
v 1 1 I ! !
! ITALY## (a)! 1.3 ! 3.3 ! 6.1 ! 9.5 !
! )38 1.3 ! 1.3 ! 3.3 ! 3.3 !
! 1 ! - ! !
T ] T ] ] !
! NETHERLANDS (a)! 0:5 ! 0.5 ! 0.5%%k% | 0, 5% 1
! I 1 1(+ 2 to 4) !(+ 2 to &) !
1 (b)! 0.5 1 0.5 ! 0.5 ! 0.5 !
1 ! : ! ! 1 ¥
! ) , 1 ] ] f
! UNITED (a)! 9.6 ! 11.8 | 15,0%%%k] 18 7hknn]
! 9.6 ! 11.8 ! 10.0 ! 8.7
! 1 ! SN

KINGDOM (b)!
. 1

* Estimate not covered by the 9th Energy Plan,

**  Forecasts for Italy might be modified.

*#*%* Forecasts of nuclear capacity are to be revised in the Nether-
lands. The additional quantities of waste that would arigse in the
event of greater capacity were estimated by COVRA.

*x%% According to a moderate growth scenario put forward by the CEGB.




which enable better volume reduction factora to be obtained
will be available during the coming years. Any advance In
this field will reduce the quantities of waste to levels
lower than those set out {n the followingz tables;

- the choice of the type and the extent of the treatment and
conditioning to be applied to the waste depends in lIarge
meagure on the disposal options adopted and cust be optiniz-
ed with those options in mind. Since several Member States
have so far not made definitive choices, the quantities of
waste to be treated and conditioned are beset hy uncertain-

tys

- the reactor operating modes, the fuel loading/unloading
patterns and the burn-up rates are regularly adjusted with a
view to more effective economic optimization, and., {inter

alia, with the aim of decreasing the quantities of waste
produced by the nuclear power progrnomes,.

As regards waste arising from nuclear research activities and
from 1industrianl and med{ical use of radivelements, which {8 of
relevance to all the Community Member States, 1t should be
pointed out that the production of asuch waste was presumed to he
constant over the three five~yecar periods under constderation {n
that report*. In the cnse of Community countries with {ncreasiny,
nuclear power production, and hence an {ucreasing quantity of
wagte, the proportion of the total volume which they generate {s
. inevitably decreasing (see Table 1.2.). Nonetheless, the guanti-
ties of that waste which are produced amount for the time bheing
to a conniderable proportion of the total amount of waste arising
in Member States which, at pregent, have a small {nstalled
nuclear power capacity, such as Italy and the HNetherlands,
By the end of the century, however, the actual quantity of guch
waste will represent only a emall percentage of the total amount
of waste produced, in France and the United Klogdom in particu-
lar,

As regards radioactive waste from nuclear power programmes, the
situation hitherto can be summarized as follows:

The radiozctive waste produced before 1986 is efither awaiting
conditioning or has been conditioned and stored in a monitored
interim-storage facility, or has already been definitely disposed
of. Table 1.3. presents, country by country, the quantities of
waste awaiting disposal; 1n order to make the figures uniform,
the conditioned-volume equivalent 48 indicated even {f the waste
has not yet been conditioned. Table I.4, presents, country by
country, the method of disposal, the disposdal site and the volume
of waste already disposed of.

1t is to be expected that production of this wnate will increase
over the three periods; it 1is, however, very difficult to make
reliable estimates. Moreover, better volume reduction factors can
be expected in this field as well.



TABLE 1.2,

Percentage of waste arising from activities not linked to
nuclear power generation

!
! Percentage by volume of waste arising from re-
| search activities and uses of radionuclides in
1 relation to the total amount of waste produced

] !'
! X
! !
! !
! ! (41lustrative values) !
! ! !
! ] : » 1 ]
I COUNTRY ! 1981 - 1985 1 1995 - 2000 !
! ! ‘ ! !
[ 1 ] ]
! BELGIUM ! 25 ! 19 !
! ! ! !
! SPAIN ] 6 ! 4 !
! ! ! !
!  FRANCE t 20 ! 6 !
! ! ! !
! FED, REP, 1 ! !
! GERMANY ! 25 ! 21 !
! ! 1 ]
! ITALY ! 50 ! 12% !
! 1 ! !
! NETHERLANDS | 40 ! LO** !
! ! ! !
! UNITED KINGDOM ! 12 ! 8 !
! : ! ! !

In the case of Denmark, 'Gréece. Ireland, Luxembourg and Portugal,
which do not have nuclear power programmeés, the proportion is obvious-
1y 100%..

* See footnote ** to Table I.1.
*k See footnote **%* ro Table I.1.
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It should be noted that, i{n the case of countries which possess

nuclear weapons, the quantities indicated 1in Table 1.4. contain

an unspecified percentage of waste of military origin. It would
appear that about 1,000,000 n3 of waste, mainly of lowv activity,
has been disposed of by a variety of means since the beginning of
the nuclear era and with reference to the present Community

.as a whole,.

The present and future situations can be evaluated on the basis
of the nuclear-power-programme estimates in Table 1.l. The data
concern the net power capacity, installed at the end of the year
and based on power stations in operaticon, committed and planned,
given 1in point (a) of that table. However, and more particularly
in the case of waste produced during reprocessing, account was
taken in some cases of a certain lapse of time to enable trent-
ment and conditfoning of the waste to be carried out. These
estimates are beset by the same uncertainties as thome concerning
the nuclear programméa themeelves.

The estimates relating to each Member State have been divided
among the four waste categories described in Section .2, and are
presented, accumulated per five-year period, In Tablea 1.5.,
1.6, 1.7. and 1.8, for low-level, medfum-level, alpha and
high~level waste, respectively. The increase in the quantity ot
waste produced over the years 18 not quite proportional to the
growth in installed nuclear power capacity. Thie {s due mainly to
the volume reduction allowed for {n anticipation of the gradual
introduction of new treatment and conditioning technfques. In the
case of the United Kingdom, the greatest influence {n this
connection results from the gradual shutdown of GCR (Magnox)
reactors and their replacement with ACR or LWR reactors (see
Section I.3., footnote concerning the GCR reactor type).

As regards waste arising from the decommissioning of nuclear
installations,. for which an estimate was in preparation when the
first report was published in 1983, it would seem that, during
the period under consideration {1986 - 2000), it would be produc-
ed through the dismantling of a small number of reactors of quite
low power, mainly in the Federal Republic of Germany, France and
the United Kingdom. The corresponding overall production of
low-level waste can be estimated at several thousand cubic metres
per reactor.

The dismantling of large power reactors should give rise to
greater quantities of waste (of the order of 25 000 »3 1in the
cagse of a PWR with a capacity of at least 800 MWe and of the
order of 40 000 m® 4n the case of an AGR).

Low- and very low-level waste will make up 801 to 90X of the
waste arising from dismantling, the remainder being chiefly
mnedium-level waste; only a small quantity of steel from the areas
near the reactor core will have been sufficiently activated to be
considered as waste requiring deep geologlical disposal,

The .production of such waste will remain extremely low in the
Community during the 1986-2000 period wunder consideration,
although some ten medium-sized reactors have already been defini-
tely shut down and some 50 nuclear power stations will probably
be taken out of service by the year 2000. A policy of delayed



TABLE 1.3,

Waste in interim storage which was produced before
1986, treated and conditioned or presumed to have
been conditioned*

Quantifies of waste in Interim stofage (m®)

COUNTRY ﬁémarka

1 !
Small quantities of waste arising fron medical, indus~!
tri{al and R&D activities ) !
1 ! { ! 1
51,600 1 7,400 ! 60,100 ! 1,900 | Totals are rounded !

1 1 ! { off - |

Other coun-
tries

TOTAL

1 ! !
1 1 o 1
! ! Low- ! Med{um-! Alpha ! High- ! !
1 ! level | level ! ! level ! !
1 | 1} ! ] { !
1 i ] ] ! ! !
! BELGIUM ! 3,500 1 - ! 3,000 1 260 | Med{um-level waste !
! 1 1 | 1 t 4ncluded in the !
! 1 1 ! ! ! low-level waste !
! { A ! s ! !
! ! ! { ! ! !
{ FED. REP, 136,200%#] - ! - ! 200 ! Medium-level and !
! GERMANY N 1 ! ! ! alpha waste inclu~ !
! 1 ] ! ! ! ded in the low~ !
! ! ! ! ! ! level waste !
{ ! 3 ! ! ! : !
! ' | 1 { ! ! !
! SPAIN 1 8,075 ! - ! - ! - ! Med{um-level waste !
$ ! ! ! ! ! included in the !
! 1 1 ! ! | low-level wasate !
{ ! 1 ! ! ! !
! [ { ! ! { !
{ FRANCE { 01 0! 20,000 | 715%**{ !
1 1 | ! ! ! !
{ - $ i ! ! 1 !
1 ITALY ! 1,780 |- 350 ! 75 1 25 | Waste presumed to !
! ! ! 1 | ! be conditioned**#* |
N 1 ! ! ! ! !
] { ! ! { !
| NETHERLANDS | 2000 ! 0o ! 0 1 !
! ! ! ! ! !
i I 1 T ] ! [
1 UNITED { oty 7,000 37,000+ 700 1 !
! KINGDOM 1 1 ! ! ! !
1 ! ! 1 ! !
] ]
i 1
{ {
{ 1
! 1

Most of the alpha and high-activity waste (atored {n 1iquid form) has not
yet been conditioned. For uniformity of presentation, the volumes indicated
in thie table are those which could be obtained by conditioning the waste
with the methods available at present,

0f which 7 000 m® unconditioned, taken into account with a post-condition-
ing reduction factor of 1.5.

Quantities arising from the reprocessing of fuel from the national reac-
tors,

The uncondicioned quantities in interim storage are 8 900 n®, 1 760 m?,
376 m® and 124 =3, reapoctivaly, a volune reduction factor of 5 {s expected
to result from conditioning. .
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TABLE I.4,

Low- and medium-level waste disposed of before 1986
with conditioning product; and lost package included

Quantities of waste (m®)

0 e +m om enlin cw tnlen o s ralim e e - wm e e w]em w w te w w )i rm swfie fw W v = o

1 !
! 1
! !
§ ! !
COUNTRY ! Low- ! Medium-! Type of ! Site !
I level ! level ! disposal ! !
! ! ! ! !
H ! ! ) t
BELGIUM ! 15,000 ! Sea dumping* ! North Atlantic !
! ! ! !
1 1 ! o !
FED,REP, ! 96 ! Sea dumping* ! North Atlantic 1
‘GERMANY 1 ! ! ! (1967) %% !
! ! ! ! C !
I 42,000 ! 260 ! Deep burial ! Asge*n# !
1 ! 1 (salt mine) ! !
! ! ! : $ !
t ! ! ! !
SPAIN ! - ! - ! ! !
| ! ! ! )
{ ! ! ! !
FRANCE ! 2,700 ¢ 7,200 1 Sea dumping* ! North Atlantic !
! ! ! ! {1967 and 1969) 1
P ! ! | !
{ 190,000 | 80,000 ! Shallow burial ! Centre de la Manche!
! 1 . L . A !
1 ! ' ! !
ITALY ! 23 ! Sea dumping* !  North Atlantic !
! ! . ! (1967)** !
! ! ! !
! 1 ! 1 _ A !
NETHERL, ! 8,700 ! Sea dumping* ! North Atlantic !
! { ! . : ! !
{ ! ! !
UNITED 1 26,000 ! Sea dumping* ! North Atlantic !
! o ! 1 !
KINGDOM 1 630,000 1 = T Shallow burial | Drigg !
! ! B !

* Moratorium on sea dumping since 1983,
*% 'Ag part of a joint operation organized by the OECD.
#%% In operation between 1967 and 1978.
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TABLE 1,5,

Production of low-level waute'df any origin, treated and
conditioned, 1in various Community Member States (power stations
in operation, committed and planned - assumptions (a) in Table I.1.)

! 1 1
: : Quantities of waste accumulated per five-year period (m3) !
. : :
! ! { { ! ! !
: COUNTRY ; 1986-<1990 ! 1991-1995 | 1996-2000 ! TOTAL ! REMARKS !
{ ! ! ! !
! ] 1 ! 1 ! '
.1 BELGIUM ! 6,000 1 7.000(1) ! 7,000(1) ! 20,000 ! (1)These quantities!
o ! ! ! ! ! include waste !
i ! ! 1 ! ! originating from !
;! I ! ! ! ! fuel reprocessed !
! ! ! ! ! ! abroad and medium- !
! ! ! ! ! ! level waste, !
! ! ! ! ! P : !
! ! f ! ! ! !
;1 FED,REP, ! 41,000 ! 60,000 ! 91,000 ! 192,000 ! These quantities !
. | GERMANY ! ! ! ! : ! include med{ium- !
ot ! ! ! 1 1 level waste and !
o1 | ! 1 ! ! alpha waste which !
[ ! 1 ! ! ! does not produce !
[ ! ! ! ! ! heat. !
L ! ! ! ! ! z
1 1 | ! I 1 :
! SPAIN | 12,000 ! 18,000 ! 22,000 ! 52,000 ! These quantities !
P ! ! ! ! ! include medium- !
! ! ! ! ! ! level waste. !
! ! ! ! ! ! !
! ! ! | P ! !
: : FRANCE ! 87,000 ! 86,000 ! 92,000 ! 265,000 ! !
K R I { . 1 ! !
.1 ] ] ] ! ! !
: : ITALY* ! 10,000 ! 11,500 ! 13,500 ! 35,000 ! !
- B ! B ! ! !
E ] [ ! ! ! !
i ! NETHER- ! ! ! ! o0 1
] : LANDS#** | 4,000 | 4,000 | 4,000 ! 12,000 : i
o { ! 1 1
1T 1 T T ! 1 !
5 ! UNITED ! 120,000 ! 130,000 ! 130,000 .! 380,000 ! !
7 1 KINGDOM | ! ! ! 1 !
i 4 ! ! ! ! ! !
< T ] ] 1 , ] ) !
{1 GRAND ! 280,000 ! 316,500 ! 359,500 ¢ 956,000 ! !
i | TOTAL | o ! ! ! !
i1 1 1 1 1 ] !
A
A1k see footnote ** to Table I.1.

. #%  see footnote *** to Table I.l.
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TABLE 1.6.

Production of medium-level waste of any origin, treated and
conditioned, in various Community Member States (power stations in
operation, committed or planned - assumptions (a) in Table I1.1.)

lQuanti:iés of waste accumulated per five-year period (m”)}

** See footnofe *** to Table I.l.

! |

! !

! !

! 1 1 ! !

! COUNTRY | 1986-1990 1 1991-1995 1996-2000 1 TOTAL ! RFMARKS

! 1 ! , ! !

1 , ! ! ! ! !

! BELGIUM | - 1 - 1 - ! - ! In accordance with !
! ! 1 ! ! ! management practi{- !
! { ! ! ! ! cea applied in

! 1 ! ! 1 ! Belgium, waste of

! t H ' ! ! this category 1isa

! ! ! ! ! ! accounted for as

! ! ! ! ! ! low-level waste.

! 1 { ! ! !
| ! ] ] ! 0

! FED.REP. ! - ! - ! - ! - ! In accordance with !
! GERMANY ! ! ! ! ! managewent practi- !
1 1 { 1 ! ! ces applied in

! ! ! ! ! ! Germany, waste of

! ! ! ! ! ! this category 1is.

! ! 1 . ! ! accounted for as

! ! ! ! ! ! low-level wasnte,

t ! ! ! ! !

: ] T I i z

! SPAIN ! - ! - ! - ! - ! Tn accordance with !
! ! ! ! ! ! management practi- !
1 ! ! ! ! ! ces applied in

! ! ! ! 1 ! Spain, waste of

! ! ! ! 1 ! this category is

! ! ! 1 ! ! accounted for as

! ! ! ! ! ! low-level waste.

!. 1 ! ! ! !

1 { . 1 ! _ ! !

|- FRANCE .1 58,000 ! 57,000 ! 61,000 .! 176,000 !

] ! ) ¥ 1 . ! !

! ! ! ! ! !

I ITALY* ! 1,300 1 3,000 1 4,5000 1 8,800 !

| | ! v ! ! !

! ! ! ! ! ' !

! NETHER.*#! 250 250 | 250 | 750 !

1 { ! | ! !

] 1 l 1 t ! »

| UNITED ! 2,500 1 2,500 ! 3,000 ! 8,000 ! Waste with an

I KINGDOM ! 1 ! ! ! alpha activity of

1 ! 1 ! 1 ! less than

! ! ! ! ! 1 10 GBq/m3%*»

! 1 ! | ! 1

! | 1 ! ! !

] GRAND | 62,050 ! 62,750 ! 68,750 1 193,550 1

! TOTAL 1 { 1 o !

1 | ! ! ! !

* See footnote ** to Table I.l.

LL LI | GBd_f”lD ,qu(l‘SQCQhefeigcbrfqaponds to one disintegration per second)
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TABLE I.7.

Production of alpha waste, treated and conditioned,

in various Community Member States (power stations in operation,
committed or planned - assumptions (a) in Table I.1.)

Quantities of waste accumulated per five-year perifod (m>)

! 1 !
! ! !
! { , !
! ! ! ! ! ! !
! COUNTRY ! 1986-~1990 ! 1991-1995 ! 1996-2000 ! TOTAL ! REMARKS !
1 ) ! ! ) ! - : ! !
! ) ] IR ! 1 1
| BELGIUM | 300 1+ 850%1 1 650 1 1,800 1 (1)These quantities!
! ! ! ! ! ! mainly comprise !
! ! ! ! ! ! waste originating !
! ! { ! ! ! from fuel repro- !
! ! ! ! ! ! cesnsed abroad. !
! R ! ! 1 ! !
1 ] ] j 3 i !
| FED.REP. ! - ! - ! - 1 - ! The alpha waste {8 !
! GERMANY | ! 1 ! ! accounted for in !
! { ! ! ! ! waste of the low- !
! ] ! ! ! ! level category. !
1 ! ! ! ! ! !
! ! ! ! ! ! !
1 SPAIN ! - ! - ! - ! - ! No alpha waste !
! ! ! ! ! ! originating from !
! ! ! ! ! ! reprocessing !
! ! 1 ! ! ! abroad before the !
! ! ! ! ! ! year 2000, !
! ! ! ! ! ! !
! ! ! ! ! ! !
| FRANCE ! 4,000 ! 7,500 t 11,500 ' 23,000 ! !
] ! 1 ! ! ! !
| ! ! ! ay ) ! !
! ITALY* ! 850 ! 850(2) ! 200(‘) ! 1,900 ! (2)These quantities!
! 1 ! ! 1 ! also include waste !
! ! ! ! ! ! originating from !
! ! 1 ! ! ! fuel reprocessed !
! ! 1 ! ! ! abroad. !
! ! ! ! ! ! !
! ! ! ! ! ! !
! NETHER~ ! ! ! ! ! Waste originating !
| LANDS** ! - ! 50 ! 50 1 100 ! from fuel repro- !
! ! ! ! 1 ! cessed abroad. !
1. 1 1 ! ! ! : !
| ! ! ! ! ! !
! UNITED ! 14,000 1 11,000 ! 7,000 | 32,000 | 1
{ KINGDOM | ! ! ! ! !
! - -4 1 1 ! ! !
! ] ] ' { 1 ! !
! GRAND ! 19,150 1 20,250 19,400 ! 58,800 ! !
! TOTAL { - 1 ! ! ! 1
| ) ! ! ! ! !
* See footnote ** to Table I.l.

*%  Sea footnote *** to Table I.1.
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TABLE I. 8

Production of high =level waste. treated and conditioned*,
_ in various Community Hgmber States (power stations in operation,
coumitted or planned - assumptions (8) in Table 1.1.)

» -

Or p;esuﬁéd fo have been conditioned.
'**. See ‘footnote ** to Table Tolvi op

. %kk, See footnote’***;to Table,I 1870
' : e re f essing of Hagnox fuel and of 1 aso MTHM of fuel

! ! S . . !
: ! Quantities of waste accumulated per five-year period (m®) !
! - : : 1

! T T T ] ] !
: COUNTRY 1 1986-1990 1 1991 1995 1 1996-2000 |  TOTAL ! REMARKS !
i ! { , 1 o ! - !

! . ! ! - | ! ! !
! BELGIUM | - ! 30 1 40 70 ! This {8 waste ori- !
! ! ! S ! ! ginating from fuel !
! 1 ! 4 1 ! reprocesned abroad.!
1 ! ! ! ! ! !
1 [ ! ! ! ! !
{ FED.REP, ! - ! 250 ¢t 375 1 625 1 These quantities !
1 GERMANY ! ! ! ! ! {nclude wnste ori{- !
! ! ! ! ! ! pinating from fuel !
! ! ! ! ! ! reprocessed abroad.!
) { ! ! ! ! !
! - ! ! ! ! !
! SPAIN ! - ! - ! - ! - ! No high-level waste!
! ! ! ' ! ! before year 2000, !
! ! ! ! ! ! ' !
] ! ! ! ! ! !
I FRANCE ! 210 ! 400 ! 720 ! 1,330 ! Waste originating !
! ! ! ! ! ! solely from the !
! ! ! ! ! ! reprocessing of !
| ! ! ! 1 ! national fuel, M
! ! ! ! ! ! !
{ - ! ! { | ! !
! ITALY** ! - ! 125 1 135 ! 260 | These quantities !
! " ! 1 ! ! also include waste !
! ! ! ! ! ! originating from !
! ! ! ! ! ! fuél reprocessed !
! ! ! ! ! ! abroad. : !
1! B 1 o ! ! !
[ t ! ! [ 1 !
! NETHER- !} ! ! ! ! Waste originating !
! LANDS**# | - ! 5 15° ¢ 20 ! solely from fuel !
! o 1 1 ! ! reprocessed abroad.!
1 1 { ! ! ! !
T S 1 ! 1 : !
! UNITED ! 120 | 170 . 170 ! 460 ! Waste originating !
{ KINGDOM: ! ' ! 1 ! | solely from the !
1 #kkk 1 ! ! ! ! reprocessing of !
! ! ! ! ! ! national fuel, !
! o ! 'l ! ! !
! R (RS ! ! !
1 GRAND | -Y. : ~ 107980 41 1,455 1 2,765 | !
.1 TOTAL | SRR | SRR : ! ! t
P 1 ' ! S ! ! !
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. .crease, inkth"

B . from nuclear power
stations reflertwthe effective production of nuclear power. It is
of relevance to“ this:ireport /insofar as the proportion of the
. spent fuel which 1a not. reprocessed constitutes a special type of
high-level waste (see . Section 1.2, (d) and (e)). Table 1.9
indicates the total quantitiee that will be discharged either for
reprocesﬂing purposesa.- or to .be stored. The -quantities to be

- reprocessaed areAnccounted for as vitrificd high-level waste In
Table I 8 e

v e

Ie. ahould be streqscd thnt the fuel consumption per unit of
electricity produced vnriea from one type of reactor to another,
. For, that .reason,: quantitiea ‘of "fuel per reactor type have been
Cevn given.,and the.totalﬂ have not been calculnted
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Conclunions:v‘

r;Waste clnasification nt national level does not always follow the
same pattern in each country,” since 1t 1s an operational clasgsi-
- fication closely linked with the types of disposal chosen (mee
. Chapter. IIT}., The't)pes of waste are hence not directly compar-

;able . from~- one - country to. another. With these reservations in

. mind, the following illustrative conclusions can be drawn:
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TABLE I1.9.
- Spent fuel discharged in the Member States
of the European Community
1 . - '
! COUNTRY = | Reactor !  Quantity of fuel discharged per five-
! ‘! type;. ! year period (MTHM)*
! 1 . ! = Power stations in operation, commit-
! ! ! ted or planned (assumptions (a) in
! | ! Table I.l.).
! ! !
! 1 1 ! - l
: ! ! 1986-1990 ! 1991-1995 ! 1996-2000
| ! ] !
! _ t | ! !
! BELGIUM 1 LWR ! 650 ! 550 ! 550
1 ! 1 ! {
{ | | ! !
! FED. REP, ! LWR { 2,516 ! 3,000 ! 3,250
; 1 : ! ' ! ! 1
N 1 ] 1 | !
ERE-Ah { SPAIN 1 LWR ! 695 ! 850 ! 975
il 1 ! GGR { 400 ! 400 ! 400
15 ! ! ! : ! !
|8 ] ] , 1 ] !
g% ! FRANCE ! LWR ! 5,800 ! 6,700 ! 6,600
& ! ! GGR ! ! !
159 ! {  FBR I ! |
ik ! ! ! ! !
18 ] 1 ] ] [
& | ITALY** ! LWR ! 290 ! 350 t 500
?f‘ ! ! GGR ! 200 ! 200 1 200
I ! 1 ' ! ! 1 :
o 1 1 | | [
| |  NETHER- | ! ! !
yg% £h I LANDS*** |  LwR | 75 ! 75 ! 75
55% “ ! ! ! ! !
) ] ] _ i : I !
§$~“ ! UNITED ° 1 _ GCR 1 5,900 ! 4,500 1 920
ﬁﬁ% ! KINGDOM (1) I  AGR ! 1,200 ! 1,880 ! 2,870
1 | ! 1 1 !
158 ! _ ! B ! ! - !
18 ! . UNITED . | GCR ! 5,900 ! 4,500 ! 920
; I KINGDOM (2) | AGR ! 1,200 - ! 1,520 . ! 1,560
o T T e 2") S 0 ! 270 ! 950
o RS I 1 !
. R L S L L A UL R
*ff"HTRH‘ ‘Metric ‘tons.of heavy metal.
*#;¢,seeffootnote #% to' Table I.l.
ﬂ?see;footnote *** /to. Table I 1.;4‘~
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¢) The quantities of waste involved are small in comparison with
the quantities of non-nuclear industrial wastes which are
generated and are also capable of harming man {f they are not
stored and disposed of with care. Consequently, only small-
capacity storage facilities and repositories will be required,
and it 1s unlikely that, even in the case of a large-scale
nuclear programme, more than one or two sites will be needed
in any country.

Finally, it should be recalled that the volume of waste indicated
in the foregoing tables comprises both the actual volume of the
radifoactive materials constituting the waste and that of various
inert materials (cement, bitumen, polymers, glass, etc.) neces-
sary for waste conditioning. The latter volume accounts for a
considerable proportion of the final volume of conditioned waste.
Furthermore, the numerical values in the tables also take into
account the volume of the containers (metal drums, concrete
containers, etc.) used as receptacles for the conditioned waste.
In the storage and disposal facilities, the containers, which are
basically cylindrical, are arranged by rows; as a result of the
free space between the drums, the space required to accommodate
the waste 18 greater than the volumes indicated in the tables.
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CHAPTER 1I

Techniques and installations for the treatment and conditioninp
of radioactive waste and spent fuel in the European Community

II1.1.Introduction

The management of radioactive waste comprises the collection,
sorting, treatment, conditioning, transport, storage and, final-
ly, disposal of the waste. These activities are closely linked
through numerous interactions between them.. However, for the sake
of simplicity, two main groups of activities are distinguished
below*:

a) activities relating to treatment and condi{tioning, which are
e industrial conversion operations intended to 1impart to the
_j; waste a form appropriate to handling, storage and disposal;

b) activities relating to disposal, which can be carrfed out
either on land {ghallow land burial, disposal in continental
geological formations) or at sea (sea dumping and, possibly at

- some future date, burial {n the sea bed).

The activities relating to treatment and conditioning are the
subject of this Chapter, while those relating to storage and
disposal are described in Chapter TII,

Finally, the administrative and regulatory measures intended to
enable waste management to attain its main objective in the
Community Member States, namely the safety of present and future
generations and environmental protection, are studied in Chapter
Iv.

Concern to keep the radiological risks as- low as reasonably
achievable (ALARA principle**) guides the choice of techniques
and the design of the treatment and conditioning installationms,
account being taken of technical and economic factors.

* The transport operations are a special case in the context of the
transport of nuclear materials in general and do not fall within
the specific ambit of radicactive waste management.

#* "Ag low as reasonably achievable, economic and social factors
being taken into account".
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11.2.Treatment and conditioning of low- and meditm-level waste

Almost 937 of the volume of radfoactive waste currently produced
in the Community is accounted for by lav- and medium-level waste
(see Chapter 1).

Processes for the treatment and conditioning of such waste are
available and the corresponding industrial {nstallations have
been applying them successafully since the early 1950s. A general
description of these processes and 1nstallationa was given in the
1983 report.

The treatment prepares the waste, as produced at source, for
conditioning, it chiefly takes the form of:

- Compaction .or incineration in the case of solid waste;
- Evaporation, ingolub{lization or chemical precipitation
followed by filtration in the case of aqueocus waste.

As regards solid waste, note should be taken of the recent
advances achieved in the field of supercompaction, thanks to the
development of high-performance presses, and in the field of
incineration, thanks to the raising of temperatures, which allows
for fuller combustion of the products to be treated. Installa-
tions of theae different types are already in operation or are
planned in several Member States.

To these advances can be added the efforts to minimize waste
production at source which are being made in the nuclear instal-
lations concerned (for example by adapting the reactor's mode of
operation or by increasing the lifetime of certain contaminated
components, such as filters, so that replacements can be less
frequent), This set of measures has already resulted in a consi-
derable reduction in the volume of waste treated for a given
production of electricity of nuclear origin and contributes to
limiting the growth of waste volume (see Table I.5.) in compari-
son with the quantities estimated in the 1983 report.

As regards liquid waste, numerous processes designed to achieve
high decontamination factors have recently been adopted for use
in certain major nuclear installations; for example, the new
installation for the decontamination of low-level liquid waste
(called SIXEP, the construction of which began in 1979) at the
British reprocessing plant at Sellafield entered service in 1985.
That very large installation makes use of an ion-exchange process
which now enables the amount of radiocactivity discharged into the
sea to be reduced to only a few per cent of that discharged in
the 1970s. Flocculation/coprecipitation decontamination processes
have been used for several years at CEN/SCK Mol, Other very
effective processes are being developed, such as ultrafileration
(membrane geparation processes) or processes which make use of
selective action on the most {mportant radiocelements (selective
complexing agents). The introduction of these processes will make
it possible to reduce the volume of the sludges through improved
separation and result in lower residual activity in the dis-
.charges.;,

. 'Conditiouing 1mparts to the treated waste forms which reduce to a
> winimum the tisk of disperaion of the radicelements in the waste




3

during handling and transport operations or in the event of
. attack by external agents (mafnly water) after disposal. To that
end, the treated waste is most frequently incorporated {n ma-
trices which solidify into blocks or structures possegsing, with
s or without external containers, the requisite mafety features
(good mechanical strength, resistance to fire, a low leaching
rate, satisfactory long-term behaviour, etc.).

The matrices most often ugsed 4in the Coumunity are as follows:

= cements, which have been employed since the 1950s mainly for
low-level waste; a considerable effort has been made to
improve their characteristics, either by changing their
composition or by adding polymers, ...

- bitumens, which were 1introduced between 1960 and 1965, are
used by several Member States;

-~ polymers, which were recently {ntroduced.

This aspect of radioactive waste management would seem, on the
wvhole, to meet satisfactorily the current requirements of the
nuclear power prograwmes and the safety requirements. Although
such operations have been carried out for several decades, they
benefit significantly from technological advances.

The principal characteristics of the treatment and conditioning
installations in the Community are presented in Table 1I,1,

I1.3.Treatment and conditioning of alpha waste

0f the radioactive waste produced in the Community, 7 to 87
consists of products contaminated by long-lived alpha emitters,
the radfosctivity of which remains at a significant level over
long perfods., Most of such waste remains untreated at present,
pending the development of treatment and conditioning processes
and the availability of underground disposal facilities. The
basic technologies are available and the current R&D activities
are focused on techniques for the treatment of liquid and solid
wagte contaminated by alpha emitters and on the conditioning of
the hulls of spent fuel elements. The ohiective of these activi-
ties is to develop conditioning processes which would ensure safe
storage and dispnsal over long periods. New procesaes have been
developed and tested up to the pilot-installation stage, chiefly
for solid plutonium-contaminated waste (see Table I1I.2.). These
processes have fields of application which vary according to the
plutonium content of the waste. Where liquid alpha waste is
concerned, and despite the fact that a number of advanced proces-
ses (inorganic ion exchange, selective chemical precipitation,
electrical processes, etc.) have been studied, only the ultracen-
trifugation process combined with chemical precipitation (develo-
ped at Harwell in the United Kingdom) 18 far enough advanced to
be used in an active-waste pilot installation with a capacity of
5 m3/day. The treatment generally applied in Europe to such waste
18 of the conventional type (chemical precipitation, evaporation,:
ica-exchange resins, etc.). The separation of long-lived radio-
elements (actinides), either with a view to recycling them or to
. degrade most of such waste into waste of other categories, 1s

also under study.
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TABLE 1II.1.

Principal characteristics of {nstallations for the treatment
and conditioning of low- and mediun-level waste

Principal
character{atics

Nature or type
of waste

Management phase

20 to 150 kg/h, re-
duction factors up

Solid (someti- Treatment by incineration

mes also 11q.)

! ! 1 !

! ! ! !

! ! H !

! ! ! !

! ! ! t

t ! ! !

1 Combustible ! 1 to 100 !

| : , ! . . 13 !

f ! Solid ! Treatment by compacting ! 16 to 1500 tonnesn, !

: ! Compactable ! presases ! volume reduction fac- !

oo { 1 tors of 2 to 5 1

2 ! : ! . , ! !

o ! Solid ! Treatment by shearing ! 70 to 400 m”/year !

4 ! Non-compactable ! ' ! !

H 1 ! . ! !

. ! Metals ! Treatment by melting i 1200 tonnea/yr, volu- !

N { 1 ! we reduction factors !

: ! ! 1 greater than 3 !

B ! . ! R ! -

! ! Solid | Encapsulation (mainly ! 150 to 2000 220-1itre !

f- 1 ' 1 with cement) ! drums per year !

! | : , i : . , t _ : _ Y

é t Low- and {Treatment, mainly by fil- | Capacities typically 1

o ! medium-level ! tration and evaporation ! around 4 wd/h, max. !

&) ! effluent ! t 200 m¥/h. !

f ! ! ! !

]%- { Sludges ! Encapsulation in bitumen ! 650 m?/year 1

i { resulting from ! and cement ! !

i3 ! treatment ! ! !

g ! ! _ ! !

;é' I lon-exchange { Encapsulation in poly- | 2-5m’/8 h 1

r&“ ! resins ! mers and cement ! !
S ! . ! _ ! !

' 5@4 ! Low- and- ! Chemical precipitation ! 5 m°/h !

kﬁ;' | medium-level ! ! !

;ga ! efflyent ! ! !

Fgﬁ { . 1 . _ . o [

e ! Low- and ! Treatment by two-stage ! 0.5 - 10 m”/h !

e ! medium-level ! evaporation ! !

'.§; 1 effluent ! ! !

T ! _ ! '

’ | Low- and - ! Treatment by concentra- ! 100 1/h {

1 medium-level ! tion/drying ! t

! effluent | ! 1

! . ! : . ! A !

! Low- and ! Ion exchange 1 About 150 m”/h 1

| medium-level 1 { t

| effluent { 1 1

1 e r ! 1

| Liquid organic | Treatment by incinera- ! 40 1/n 1

! waste 1 tion ! 1

! - 1 . : 1 : 1

{ Liquid and ! Treatment by pyrolisis ! 15 = 30 kg/h !

{ golid organic ! 1 !

1 waste . - | 1 1

| , STy 1 1

3 ol Y
SN

PR, . e .
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CTABLE 1I.2,

Pilot installations for the treatment of
plutonfum-contaminated waste

Type of

! ! Capacity ! Recovery ! Start of ! Place
! ifnstallation ! ! percentage ! operation with !
1 1 ! ! active waste !
! ! ! ! !
: Incineration ! 1 kg/h ! - ! 1971 1 Marcoule (F)
! 1 ! !
. ! : T T z ]
! Incineration ! 5 kg/h | - ! 1973 ! Windscale (UX)
; ! ! 1 ! !
] ] ] ! ! !
n\ ! Incineration 1 1 kg/h ! - ! 1978 . ! Valduc (F)
K ! (pyrolisis) ! ! ! !
2 ! 1 ! ! !
! ! ! ! !
R ! Actd . I 1-1,5 ! 95 ! 1983 ! Dessel (B)
R ! digestion ! kg/h ! [ ! :
14 ! ! ! R !
g i [ 1 [ 1 !
a - ! Washing ! 1-2 kg/h | 75-95 ! 1984 ! Hanau (FRG)
' ! ! 1 ! : !
s ! 1 ! ! !
d : ! Slag-forming ! 100 kg/h ! - t 1984 ! Mol (R}
N ! incineration ! ! ! !
B ! 3 ! ! !
¢ { ! ! ! ! :
! Cryogenic ! 6o®/h I >45 ! 1985 ! Cadarache (F)
% ! crushing ! ! ! !
" kS | 1 [ t !
1 B ] 1 1 ‘
3 I Incineration ! 50 kg/h ! - 1 1986 ! ¥arlsruhe (FRG)
3 ! P ! 1 !
X




I1.4,Treatment and conditioning of high-level vaste

Of the volume of radioactive wvaste produced in the Community,
0.37 {8 made up of high-level waste (also containing alpha
enitters) which is or 1s to be vitrified. This waste contains
almost all the radfoactivity {n waste arising from the nuclear
pover programmes. The release of heat due to radfocactivity {s In
consequence a major concern in the management of such wanate,

Radioact{vity and heat emidsion decrease until levels nimilar to
those of alpha waste are reached after saveral hundred yeara, At
that moment, the high- Ievel vagte i@ aiuilur to alpha wvaste,

Most of tlie high-level waste {s nowadays tempornril) stored in
the 1liquid state in tanks provided with special cooling and
safety systems, The objective of the treatment and conditioning
processes is to {mmobf{l{ze this waste in solid matricea, such an
glasses, which maintain satisfactory {ntegrity in the long term.
Industrial development of var{fous conditioning processes ia at
present under way in the Commun{ty. Of such processes, the French
vitrificat{on process (AVM)* {s available on a commercial scale
and 1s being applied in several major fac{l{ti{es. In the Germano-
Belgian 1installation PAMELA, high-level liquid waste from the
Eurochemic reprocessing plant has also been succesafully wvitri-
fied by means of the PAMELA process. The vitrification installa-
tions in operation, under construction or planned in the Communi-
ty are presented in Table 1I.3,

It can be seen that all sources of production of high-level
1iquid waste (mainly reprocessing plants) in existence or planned
in the Community will be provided in due course with vitrifica-
tion facilities in order to ensure that the waste {s immobilized
and adequately conditioned with a view to its final disposal,

Alternative second-generation processes are being studfed in
several countries; they are intended to méet very specific
requirements (for example spent-fuel solid residues from disso-
lution processes during reprocessing operations) or to develop
the capacity of the immobflization matrix to confine the radio-
activity of the waate until it approaches that of the geological
disposal medium itself; the containment capacity of the geologi-
cal medium 48 consi{dered to be tens, and even hundreds of thou-
sands, of years (Chapter 1IV),

Of the most promising processes under study, {mmobilization in
ceramic matrices (France, Federal Republic of Germany, United
Kingdom) or vitro-ceramic matrices may be mentioned.

II.S.Spgnt-fﬁel conditioning vith & view to disposal without repro-
cessing :

The spent-fueél gub-agsemblies discharged from a reactor, after
N spending several yesars in the reactor storage pond,. must-uyndergo--
Wdu in order to complete
;e e eir cooling-down process bafore disposal (see Chapter III).
C ‘Preconditioning may in consequence be necessary, especially in

‘the case of dry interim storage. Such preconditioning, which
provides as a minimua requirement leak-tightness to prevent

o . §
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TABLE 11.3

Industrial-scale ingtallations for the vitrification
‘- of high-level waste arising from reprocessing (in service
and planned)

t

Capacity

! ! ! ! !
! Site ! Year of ! Vitrification ! ! Type of reactor!
! 1" commissfoning ! ' process ! kg glass/year ! !
1 ! ! ! ' ! !
! ! ! ! ! !
! Marcoule (a) 1 1978 ! AVM ! 72,000 ! UNGG !
1 (France) ! ! 1 ! + milf{tary !
1 ! ! ! - ! ‘ - !
1 Mol (b) ! 1985 ! PAMELA ! 12,000 ' LWR 4+ MTR + !
1 (Belgium) ! ! ! ! sapecinl fuel !
! ! ! ! ! . !
! l.a- Hague (c¢) !, 1988 ! AVM ) 300,000 ! LWK !
1 (France) ! ! 1 ! !
1 ! , ! ! ! !
{ Sellafield (d) ! 1988 ! AVM ! 240,000 ! Magnox + AGR !
! (United Kingdom) ! ! ! ! + LWR 1
! ! v ! ! !
{ Wackersdorf (e) ! 1996 ! PAMELA ! 206,000 ! LWR !
! (Fed.Rep.Germany) ! ! or AVM 1 1 !
! ! ! ! ! !

(a) The Atelier de Vitrification de Marcoule (AVH) treats waste
arising from the reprocessing of fuel elements from reactors of
the gas-graphite natural-uranium (UNGG) type.

(b) The vitrification installation in Mol, which has been dealing
with active waste since November 1985, has treated liquid waste
from water-cooled reactors {(LWR), which had been stored at Mol;
1iquid waste from the Material Test Reactor (MTR) and special
fuel elements is bheing tredted at present; the PAMELA process
(11quid-fed Joule-heated ceramic melter) was developed by KfK,
DWK, HM1 and Eurochemic.

(c) The Atelier de Vitrification de la Hague makes use of the AWM
process wvhich has been adapted to deal with waste from pressuri-
sed-water reactors.

(d) The WVP plant will vitrify waste arising from past and future
reprocessing of metal fuel from reactors of the Magnox type (a
reactor type in which the fuel cladding 1s made of a magnesium
alloy) and from the reprocessing of oxide fuel in the Thorp plant
(fuel from light-water reactors (LWRs) and advanced gas-cooled
reactors (AGRe)). :

(e) The WAW (Wiedcrnufarbeitungoanlage Wackersdorf) plant will bde
treating. 200 tonnes in 1996 and then 350 tonnes per year up to
2001 | ‘there -are. plans to expand the capacity to 500 tonnes per
year after 2002. ., ;-~.g el :

\‘hb
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rad{oactive gases from escaping from the fuel rods and facili-
tates the removal of the res{dual heat, {8 used as a means of
conferring upon the package of radfoactive fuel the long-term
integrity which makes 1t suitable for disposal in a deep-lying
geological formation. Final conditioning for disposal must make
the fuel capable of resiating rock-formation pressures and
corrosfon for several centuries. Finally, protection against
radiation, often of the type called "lost packaging', will enable
the final product to be transported to and {nstalled in the
disposal reposaftory. .

The type of conditioning 1s chosen in astrict accordance with the
parameters of the final repository: type of formation, method of
placing the waste in position, dimensions of and permissible load
in the access shafts and the galleries;, depth of repository
chamber, etc.

Various types of conditioning are undergoing design studies {n
several Community Member States: simply placing several assem-
blies in a leak-tight cylindrical container to be loaded into a
thick metal container, volume reduction. by dimassembliny and
cutting up the pins and then embedding the pleces in a matrix,
chemical dissolutfon of the sub-assembly followed by vitrifi-
cation, etc.

Of the Community countries, only the Federal Republiec of Cermany
(vhich {8 planning to dispose of sub~assemblies from high-tem-
perature reactors without prior reprocesaing and intends to study
the feasibility of disposing of special fuel elements from other
reactor types without reprocessing) 18 preparing to set up a
conditioning plant; this pilot unit, with a capacity of 35 tonnes
per year, 1s scheduled to be built in Gorleben; the application
for a4 construction permit was submitted in May 1986,

Ii.6.Conclusions

Treatment and conditioning processea for radioactive waste of the
low- and med{ium-level categories, which account for most of the
total volume (93X%), are available in the Community on an indus-
trial scale. Over the years, technological advances have cons-
... tantly brought about substantial improvements in the fileld of
waste processing. - T m—m———— '

Most of the other waste which contains radioisotopes with long or
very long half-lives will remain in the untreated and uncondi-
tioned state for the time-being, despite the fact that applicable
processes exist. Such waste 18 stored in safe interim storage
facilities which are continuously monitored pending the availabi-
1ity of disposal repositories in geoclegical formations (see

Chapter III).

.
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Furthermore:

a) As regards. low- and medium-level waste, management action to
decrease waste production at source and the increasingly
widespread application of improved volume-reduction processes
are already resulting, in certain Member States, in less waste
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to be stored for any given nuclear programme; current research
and development work concerns {mprovement of the long-term
resistance of conditioned molid products and reduction of the
radioactive contsmination of l1iquid effluents.

Wante of the alpha waste category has not vet been conditioned
to any great extent, although the requisite basic processes
exist, since these processes must be suited to the characte-
ristics of the diaposal installations, which have not yet heen
selected, This state of affairs leaves room for research into
even more efficient processes; in some cases, the separation
of long-lived radioactive elements might make it possible to
achieve considerable volume reduction of part of the waste.

The vitrification of high-level waste has reached the stage of
industrial-scale application, and large-scale vitrification
installations will enter into service in various Member States
over the next few years; other promising processes are still
being developed,

The conditioning of spent fuel with a view to disposal without
reprocessing, despite the decision of most of the Member
States to reprocess spent fuel, 18 beinpg studied intensively
at present; the Federal Republic of Germany is planning to
construct a pilot conditioning plant,
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CHAPTER IIIl

Storage and disposal of radioactive waste
. and spent fuel in the European Community

II1.1. Introduction

"The disposal of radiocactive waste in the Communicy 1is current-
ly confined essentially to low- and medium-level waste. For the
time being, alpha and high-level waste are stored. Means of
disposal are being studied or developed...". The foregoing
statements, reproduced from the. 1983 report, are still valid.

However, governmental awareness of public unease concerning the
nuclear industry has not bheen without consequences to the
development of the policies pursued with regard to the storage
and disposal of radioactive waste.

This 18 {l1lustrated by the revision of the strategy for diaspo-
sal of low~ and medium-level waste In Pelgium and the Nether-~
lands and, to a lesser extent, Iin the United Kingdom followinp
the moratorium* on the sea disposal of radioactive waste
recommended by the. parties to the Convention on the Prevention’
of Marine Pollution by Dumping of Wastes and Other Matter
(called the "London Convention") in February 1983 and confirmed
in 1985.

The complex processes for the selection of future disposal
sites continue to be applied cautiously, and are often slowed
down by a wide range of political and soc{al factors, Further-
more, many R&D results indicate that, although several geologi-
cal formations (salt, crystalline rock and clay) may be suit-
able for deep disposal, the specific characteristics of the
sites under consideration are also 1important. As a result,
there exists in several Member States a situation justifying
the construction and operation of experimental or pilot under-
ground installations,

Finally, the economic data (stagnation in the demand . for
energy, the low price of oil and uranium) provide no incentive
‘to adopt rapid and widespread reprocessing of spent nuclear
fuel.

To these reasons can be added the technical requirement that
‘high~level vitrified waste (or possibly spent fuel) should be
allowed to "cool-down" for a period which is determined also by

*  Although not legally binding, that moratorium did in fact lead to

_the suspension of_all sea dumping since 1983; 1t was confirmed in

1985 pending additionll studice on the political. legal, economic

~ and social aspects vhich are’ 1ntended to supplement the scientific
‘ avp}uation'(positive),preqented in 1985.

T T I e R
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the nature of the geological formation chosen for disposal’
(and may amount to decades in the case of some host rocks), '
that we would now seem to be traversing somewhat of a vaiting
~period 'with regard to - the digposal of such waste, In this
context, interim storage has become a matter of importance, as.-
will be seen belov., '

All countries have ‘a common objective in ensuring that waste
will be stored and disposed of safely and without harm to the
environment. However, there are many ways in which thie objec-
tive can be attained, and various spproaches have been adopted:-

- France and the United Kingdom reprocess spent fuel, includ-
ing fuel from other countries, practice land disposal ot
low-level waste by shallow burial and are studying ways and
means of disposing of other types of waste.

- the Federal Republic of Germany has decided to bury all {ts
waste in deep-lying geological formations: for this reason,
only two waste categories are distinguished: waste which
produces significant amounts of heat and wi{ll be buried in a
salt dome and other waste, most of which will be buried in
an iron-ore mine and/or a salt mine.

~ the option adopted by Belgium 1s to dispose of itrs high-
level and alpha waste by deep burial 1in clay formations,
Research activities already 4n progress for a number of
years have resulted in the drilling of a sghaft 237 mn deep'
and the setting-up of an underground laboratory.

- Italy's Magnox fuel discharged from the Latina power plant
1s reprocessed in the United Kingdom; fuel from LWR tvpe
reactors 18 not reprocessed, but stored at the production
site or in centralized ponds.

= the other jwaate—producing countries are preparing, at

 varfous rates of progress, the disposal of their waste; most
of their spent fuel 1is reprocesaed in France and/or the
United Kingdom. . e

e P

< onme. Community country,{Spain. has decided not to reprocess .
the’ spent fuel from: its LWR reactors and to make provision'
for . direct disposal ‘after an appropriate cooling-down
period.,;n.. :

,Despite theae aomevhat difforing epproaches, a very pronounced
' onvergence of these .policies in the future is taking shape, asg’
. can be: aeen from Figures II11,1, and III. 2.. ‘which present thef
‘:Veatimatea £or.the Member: Statea. s

P At e :ék: ¥ .
deﬁteh containing long-lived emitters are..
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Congiderable advances have been achieved in the field of Ré&D,
and the usec ¢* tnderground galleries on a pilot scale makes it
possible to approximate the actual operating conditions of
disposal faci{lities in deep-lying geological formations. Most
of these activities are conducted under the Community's R&D
programme, ‘which provides & framework for the exchange of
scientific information and promotes the exchanpe of technologi-
cal know-how,

As regards asgessment of site suitability, the Community PAGIS
(Performance Assessment of Geological Isolation Systems) group
demonstrated that the sites currently under consideration are
fully capable of providing the requisite effective isolation of
wagte over tens of thousands of years.

Low- and med{um-level waste

Low- and medium-level waste contains fission products which
virtually dieappear after several hundred years through decay,
and very small quantities of radionuclides with a long half-
1ife, of which the maximum specific content or the content with
reference to a site as a whole 1s defined by the national
authorities in accordance with the .data specific to the site.
The principles of radiation protection are applied throughout
the management process and, generally speaking, optimization of
the process should be the determining  factor when making a
choice in respect of a specific category.

This waste 18 generally treated and conditioned quite soon
after 1t has been produced.

Interim storage takes place:

- either at the production site, which sometimes possésses
quite a large storage capacity;

- or in a centralized storage facility, which is often close to
the disposal site and is protected and monitored.

Quite a wide range of disposal options ex{ist, and many of them
have been and are being put into practice; it seems that, for
the foreseeable future, shallow land burial will continue to be
the method applied in moat Member Statea (see Fig., III.1.)

Land disposal is carried out:

- either by burial close to the surface, a great variety of
repogitories being used in accordance with the type of waste
and the geological formation, ranging from a simple trench to
an artificial underground atructure;

-~ or by deep burial, often in digused mines known to be free of
water intrusion; the feasibility of injecting certain waste
in liquid form into very deep boreholes is being studied in
the Federal Republic of Germany (tritiated waate).

As regards sea disposal, the dumping of waste at sea, which was
practised regularly up to 1983, has been suspended for the time
being; that type of disposal would appear to be the best
possible option from an environmental standpoint for some types
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of waste such as tritiated waste., One option which has been
studied is the temporary or final storage of waste in artifi-
cial structures on the sea surface,

The situation in and the estimates for the principal countries
are as follows:

- Belgium practised sea dumping up to 1983 (29 700 tonnes were
dumped between 1960 and 1982); since then, the waste has
dccumulated on the Mol-Dessel site, where an appropriate
temporary storage infrastructure i1is under construction; a
study on disposal by shallow burial is in progress;

- the Federal Republic of Germany practised deep land disposal
in the disused Asse salt mine up to 1978; the waste, in 200-
and 400 litre drums, was placed in large caverns at depths
ranging from 450 to 715 m; the fecasibility of reopening the
Asse salt mine as a disposal site 1s being studied, and an
opinion in this regard will be delivered as soon as a deci-
sion has been reached on the entry into service, of the
Konrad mine, probably towards 1990;

=~ in Spain, ahout 7,000 m? of waste 1in temporary storage in
200- and 400-litre drums at the nuclear power plants; the
remainder of the waste is stored at the El Cabril site, where
there is a disused uranium mine. About 6 000 drums (mostly
200-1itre drums) containing conditioned waste from other
.activities are stored at this site in a surface storage
facility; about 700 drums which have so far been stored 1in
the mine will be tranaferred to the surface facility, which
has a maximum capacity of about 15 000 druma. Expannion of
the capacity of the El Cabril facility by shallow land burial
18 under study. Preliminary studies concerning an additional
capacity of 38 000 m® are already in progress. Site selection
studies for a second facility have also heen initiated in
case the need for a second site arises;

- France participated in sea dumping projects in 1967 and 1969
(14 200 tonnes of waste); since then, shallow land disposal
has been practised exclusively; the Centre de 1la Manche
(Normandy), where well over 270 000 m®> of waste has already
been disposed of, can accommodate 450 000 m® of waste; a
project to set up a facility to be called the Centre de
1'Aube {Champagne) is being examined (1,000,000 m3);

- Italy, which participated in the 1969 eea dumping project
with a very emall quantity of waste (50 tonnes), is continu-
ing to practiseé interim storage at the production site and in
regional centres; the Italian system as a whole (ENEL-ENEA-
industry) has defined a programme for reducing the volume of
rad;odctiVe'ﬁnate arising from the operation of nuclear power
stations, with particular regard to future power stations; to
this end, new technologies now available in a number of coun-
tries will be applied in order to optimise the management of
low- and medium-level waste from this source; studies on
disposal sites are in progress;
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- the Netherlands disposed of almost all its waste of this type
at sea up to 1983 (about 19 200 tonnes from 1967 to 1982):
since those operations ceased, interim storage in a storage
facility near the Petten Centre (North Holland) has been
practiged; the decision to conetruét a centralized storage
facility near the Borssele nuclear power station was taken in
1986, Studies on the disposal of all categories of waste in
geological formations are in progreas;

- the United-Kingdom has been burying Jlow-level waste 1in
trenches at Drigg since 1971: about 600 000 m® of waste has
been buried, Four possible new sites (Elstow, BRradwell,
Fulbeck and South Killingholme) are currently being studied
with a view to starting disposal of low-level waste {in 1993,
The .sea dumping of waste was practised until 1982; a total
of 57 600 tonnea was disposed of in this way. Medium-level
waste and alpha wasgte are at present held in interim storage.
Most such waste will be treated and disposed of in a deep
underground facility from the year 2000 onwards.

The other Communtty countries are currently using interim
storage facilities to hold their waste, which is produced 1in
quite small quantities.

Algha waste

Alpha waste contains appreciable quantities of radionuclides
with a long-half life, but heat generation is virtually negli-~
gible, .

Since a very long period of 1isolation is necessary in order to
prevent the radionuclides from re-entering the biosphere and
such {solation can be ensured only by disposal in deep-lving
geological formations otr possibly in the sediments of the
seabed ‘at. great depths, waste of this type 1s often comhined
with high-level waste for the purposes of disposal.

In the Federal Republic of Germany, low- and med{um-level waste
are to be combined with alpha waste and disposed of in deep-
lying geological formationa, In this connection, a decision on
the entry into service of the KONRAD mine as a deep disposal
facility 13 expected to be taken towards 1990. As no advantage
is to be gained from the interim storage of alpha waste, the
United Kingdom 1is planning deep disposal of such waate in a
specific underground dinmnstallation while France {8 according
priority to the disposal of alpha waste in a disposal facility
wvhich is still at the planning stage (see Fig. III.2.). Sites
for the disposal of high-level waste are by no means readily
available (see algo Chapter III.5. and Fig, 11I.2,). Almost all
alpha waste in the Community Member States 1s thus held in
interim storage in the untreated and unconditioned satate.

1Studies are in progress to determine an optimum treatment and

conditioning strategy with & view to the disposal of such
Uaate. . . .

a,r- :.

Interim storage of spent fual

The" interim storage of apent fuel for periods of 20 to 50 years
is beipg contemplated in several Member States. Throughout the
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world, considerable experience has been acquired over more than
20 years with the storage of spent oxide fuel in ponds. less
experience with dry storage* {s available, but the technical
feasibility of this method has been confirmed and, in the long
term, dry storage could prove to be more advantageous than pond
storage,

It 18 important to note that reprocessing has to be carried out
quite soon after discharge from the reactor in the case of fuel
from reactors of the graphite-gas type; which is not suffi-
ciently resistant to corrosion to withstand prolonged storage
in a pond**, :

Before storage practices In the Member States are reviewed, a
description should be given of the available optiona:

- gtorage at the reactor site (AR = at reactor site) 1is neces-
'sary, for several months at least, in order to allow the
waste to cool down before {t can Ye transferred to another
storage facility; the storage capacity of the -ponds has been
considerably increased by the introduction of compact fuel-
element storage, made possible by placing absorbent materials
between the elements; the equivalent of up to 10 years'
production can thus be stored at the reactor sites;

- centralised storage away from the reactors (AFR = away from
reactor) at the sites of the reprocessing plants has been
used for several years in countriea which practise reprocesa-
ing; in view of the quantities of spent fuel accumulated at
power stations, other countries will be obliged to construct
centralized storage facilities, the available options being
storage in ponds, modular dry storage in containers (dry-cask
storage) and dry storage in special buildings (the last-men-
tioned solution requires quite a high initial investment and
seemg to be advantageous in the case of capacities well above
1 000 tonnes of heavy metal).

It {48 clear that safe storage (in which the principles of
radiation protection are observed) must be practised without
allowing the fuel to deteriorate  significantly; research 1is
hence in progress for the purpose of studying likely cladding

.corrosion gnd deterioration mechanisms..

The eituation country by country (see Table III,l.,) is as
follows:

In Belgium, a capacity of 1 100 MTHM is available at the
reactor aitea"that capacity could be expanded up to 2 000 MTHM

by the year 2000,

In the Federal ﬁqpnblic.of‘cdrmaqz. the existing capacity of
4 250 MTHM will be increased to 9 800 MTHM by the year 2000.
At present, most of that capacity consists of ponds inside the

Dry storage is characterized by the use of the ambient air to
remove . the reaiduai heat emitted by the fuel elements,

One oxception is’ the Wylfa nuclear power station in the United
Kingdom," wharc,the spent fuel is stored in the dry state, firat
of 311 \mdor_CO2 for 150 daya and then in air,

N . P
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TABLE III.1,

Storage capacities for spent oxide fuel
(tonnes of heavy metal)

A

UNITED KINGDOM 6 750

l ]
! 1 YEAR
! ]
. ! ] [ ] T _
. | COUNTRY 1 1985 ! 1990 ! 1995 t 2000
‘ ! ! N ! !
y ! 1 ] ] !
. | BELGIUM ! 1100 ! 1400 ! 2000 ! 2 000
D ! ! ! 1 !
L T 1 1 ! ]
! FED,REP,GERMANY ! 4250 ! 7400 ! 9200 ! 9 800
! ! ] I !
1 ' ] ] ] ]
| SPAIN® ! 1580 ! 1960 ! 2420 ! 2 880
! ~ ! ! ! !
! ] l ] ]
! FRANCE ! 13900 ! 19900 ! 23050 ! 26 250
! ! L ! ! <
. ) T T 1
I ITALY#* ! 450 1! 1202 ! 2216 ! 4 582
! ! 1 ! !
] ) : ] 1
| NETHERLANDS ! 87 ! B7 1 B7*xk | BTARx
! t N ! !
] . ] ! ]
! I 4100 I ! I 6 750
! ! ! ! !

6 750

s swm pnfosm ts swlim v smlpm ss rmfom 10 cmlim v cm i b i fm st e

N.B. These capacities include those of on-site (AR) and centralized
(AFR) storage facilities.

* Only in reactor ponds, whole core storage caﬁacity not included.
** See footnote ** to Table I.l.
*nx*x See footnote *** to Table I.l.
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reactor buildings, which are already, or are about to be,
equipped with compact storage racks. As regards centralized
storage, the Federal Republic of Germany chose the option of
R modular gtorage in cast-iron containers, which also serve as
¢ transport containers and can accommodate nine PWR fuel elements
‘ or 16 BWR elements. The first storage facility of this type,
the construction of which was completed in 1985, has a capacity
of 1 500 MTHM and is located in Gorleben. A second facility of
the same capacity 1s being constructed (work began in 1984) {in
Ahaus. Finally, an initial construction permit was issued 1n
1985 for a facility for the storage of 1 500 MTHM to be at-
tached to the future reprocessing plant in Wackersdorf. Conse-
quently, the centralized storage capacity will be 3 000 MHTM 1in
1990, rising to 4 500 MTHM from 1995 onwards.

In Spain, the spent LWR fuel {8 stored in the reactor ponds,
which have a compact storage facllity capable of accommodating
ten years' spent-fuel production on average. These capacities
will be exhausted by 1992/93, and a centrali{zed storage facili-
ty, which 48 currently at the design stage, will be accommodat-
ing an excess quantity of 700 MTHM between that date and the
year 2000, The spent fuel from the Vandellos I reactor (natural
¥ uranium metal) 13 regularly dispatched to France for reprocess-
.; ing.
: In Italy, existing capacities of 450 MTHM will probably in-
crease to 4 582 MTHM by the year 2000. The reactor ponds will
suffice until 1992; studies on a centralized storage facility
are in progreas. The fuel from the Latina Magnox reactor 1is
reprocessed abroad.

In France, the capacity will increase from 13 900 MTHM in 1985
to 26 250 MTHM by the year 2000. Since a systematic reprocess-
ing policy 18 being implemented, the capacities consist of
storage in tanks either at the reactor sites or at the site of

e the reprocessing plant. In La Hague, where the LWR fuel is
Y . reprocessed, the storage pond of the NPH (Nouvelles Piscines de
: . La Hague) plant, with a capacity of 2?2 000 MTHM, has been in-
% service since 1981; by 1987, three additional ponds of the same

capacity, tanks C, D and E, will be added.

338w T
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In the Netherlands, the capacity of the reactor ponds 1is
87 MTHM; depending on future decisions on the development of
nuclear power in the Netherlands, 1t could be increased to
possibly 400 MTHM, The future policy under consideration i1s
interim atorage at a central site at Borssele,

[y S
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The United Kingdom, where storage capacity . (excluding that of
Wylfa) is scheduled to increase from 4 100 MTHM to 6 750 MTHM
by the year 2000, is at present practising ‘the systematic
reprocessing of spent fuel and, in consequence, the storage
ponds at the Sellafield reprocessinp plant serve solely as a
buffer capacity. However, a study is in progress on dry sto-
rage, which would make it possible to accommodate fuel in
excess of the reprocessing capacity of the new Thorp plant. Any
future PWR power stations will have to be capable of storing
the equivalent of 18 years' production of spent fuel,

)
i
f
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IT1T.5., Vitrified high-level waste

High-level waste contains virtually all of the fission products
and long-lived radionuclides;: furthermore, it releases consi-
derable amounts of decay heat*,

-The. geological formations considered suitable for the disposal
of such waste are subject to limitations as regards the maximum
temperature they are capable of withstanding in contact with
the waste, and a site as a whole can accept only a limited heat
injection 4f the entire structure 1is not to deteriorate.
Interim storage of vitrified waste over periods up to 50 years
is hence advantageous. Installations for this purpose efther
exist (Marcoule, Mol) or are planned (La Hague, Sellafield,
Wackerasdorf) at existing or planned vitrification plants (see
Table II.3.).

The baasic safety principle ia that safety has to be intrinsic
to the entire disposal operation: when the repository has been
shut down and access has been closed off, the disposal condi-
tions must be such as to ensure protection of the environment
and of the public without any need for human intervention.

Disposal in deep~lying ggological formations (several hundred
metres) 18 being studied by several Member States with emphasis
on clay, salt and granite formations.

One possible alternative solution 1s disposal 1in seabed sedi-
ments at great deptha, either by the drilling of boreholes or
by using free-fall penetrators to put the waste in place:; this
solution is being studied at international level by the Seabed
Working Group under the auspices of the Nuclear Energy Agency
of the OECD,

Disposal in clay formations 18 of interest to several Member
States, Belgium is studying disposal in a clay stratum below
the Mol research centre (HADES project) which 1s between 110
and 270 metres deep. An underground laboratory was constructed
at a depth of 225 metres and hydrogeological, geomechanical and
technological tests have been under way there since 1984,

b
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A pilot test inatallation for dieposal in a salt dome 1is in
operation in the Asse mine in the Federal Republic of Germany.
Also in Cermany, the Corleben salt dome is undergoing qualifi-
cation 28 a definitive disposal site.

" In Prance, where granite, shale, salt and clay formations are
at present being investigated, a site for opening an under-
ground laboratory intended for the in-situ study of conditions
suitable for setting up a storage centre will shortly be
proponed.

.
3
t

The plans ‘for diapoaal of this type of waste are presented in
Figure III 2.,;,. .

Somewhat .over 1 000 watts per tonne of uranium from spent fuel
ten years after discharge from the reactor, dropping to about
100 vatts after 100 years of decay.
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The programmes and strategies of the Member States 1in this
field are supported by, and to eome extent integrated through,
the Community progremme on the management and disposal of
radiocactive waste, Coordination includes such areas as geologi-
cal research, experimental drilling and experiments in under-
ground caverns. The Community programme combinés the work of
national laboratories with that of the Community's .Joint
Research Centre through coordinated projects and cost-gharing
actions by providing financial contributions.

. Disposal of spent fuel without reprocessing -

There are plans to practise what 18 called the "direct" diapo-
sal of spent fuel in a number of non-Community countries (the
United States, Sweden, Canada, Finland, etc.), in the Federal
Republic of Germany (a certain category of fuel) and in Spain.

The main differences as compared with disposal after reprocesa-
sing are as follows:

~ the volume of high-level waste will be much greater (by at
least a factor of 3}, but the volumes of low- and medium~le-
vel waste and alpha waste, which are quite considerable after
reprocessing, will be much smaller;

-~ the thermal load 1s much greater and, {n consequence, the
available space in the disposal site must be 10 to 302
greater, according to the period of interim storage;

- the fadiotoxicity of the waste will alwavs remain greater
“over long periods.

Specific studies on the behaviour of conditioned waste under
the conditions projected for a disposal site (corrosion stu-
dies, leaching studies, etc.) will be necessary.

In the Federal Republic of Germany, direct disposal has been
under study since 1979 as an adjunct to the setting-up of the
fuel cycle with reprocessing. A research programme, "Andere
Entsorgungstechniken"”, coordinated by the Karlsruhe Research
Centre and implemented between 1981 and 1984, made it possible
to demonstrate the technological feasibility of that option and
to develop a deeign for a conditioning plant and for disposal
containers. The comparison of the two options, with and without
reprocessing, .clearly showed that, in the Federal Republic of
Cermany, the technique with reprocessing 1s more advanced,

The Federal Government, after concluding that direct disposal
‘would not bring about any decisive advantages, decided in 1985

to retsin the cycle with reprocessing as the reference proce-~
dure for the management of spent fuel. However, development
work to bring the option without reprocessing up to technical
maturity 1s continuing so that it will be possible to dispose
of fuel assemblies in respect of which reprocessing is not
technically feasible or is too costly. The elements in question
are the spherical fuel elements from the THTR reactor, but
certain other special assemblies are also possible candidates
for disposal without reprocessing.
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III 7 Conclusions

a)

Shallow land burial of suitable types of waste is, and has
been from the outset, standard practice in France and the

UK. Most of the countries which practised sea dumping in the

 past ~are now also considering shallow land burial. Ome

exception is the Federal Republic of Germany, where prepara-

- tions are under way for the disposal of low- and medium-
" level waste iIn specific or dual-purpose (also capable of

b)

o)

d)

accommodating long-lived waste) underground facilities in
iron ‘or salt mines. In view of the considerable volume of
waste of these types, no time sould be lost in opening up
the new disposal eites required. Another exception is the
Netherlands, where a central facility for long~-term interim
storage above ground 48 being prepared, and studies on
ultimate disposal in geologlcal formations in the Nether-
lands, or 1in cooperation with other countries, are 1in
progress,

No advantages from the standpoint of activity decay and heat
rémoval are to be gained from the prolonged interim atorage
of alpha waste, which remains to a large extent untreated
and unconditioned pending the .availability of disposal
aites._R&D programmes are being implemented in several coun-
tries with a view to reducing the volume of such waste and
determining the best method of confining the radicactivity,
In Belgium, for example, slag-forming incineration 1is being
studied. Disposal-sites selection should proceed according
to schedule, since the waste-treatment processes, which have
to be sultable for specific disposal conditions, will be
chosen on the basis of the sites selected.

Existing capacities for the storage of spent fuel, mainly 1in
ponds, are adequate for the time beéing; 1t may become

"necessary to construct centralized storage faci{lities in

certain countries between 1990 and 2000.

Studies on the disposal of vitriffed high-level waste in
suitable deep-lying geological formations, are being, con-
ducted in all Community countries which possesa or intend to’
possess nuclear power generation programmes. Any decision
regarding this means of disposal has to be preceded by
trials and experiments, in patticular the operation of pilot
installations 4in deep-lying geological formations. The
gstorage period 18 determined on the basis of several fac-

- tors, particularly the nature of the host rock; in the case

&)

of certain geological environments, it may be necessary for
several decades to elapse hefore the waste has cocled down
sufficiently for disposal. Advantage should be taken of this
interval to undartake preparatory work, since the period

: _between initiation of research and the entry into service of
" an’ industrial-scale 1nata11ation can also laat for several

decadea.

Several countriea have been attentively studying the dispo-
sal ' of apent fuel without reprocessing, and a number of

'experimentn and trials are in progress. That option has been

g adopted by Spain’ for spent fuel from LWR reactors and is
L being '/ considered most particularly for certain types of
"spent fuel diacharged in small quantitios (for example. from

” reeearch or prototype reactore)
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CHAPTER IV

Existing or planned structures and arrangements in the European
Community for ensuring safe ntorage and disposal of radioactive waste

IV.1, Introduction
Laws and regulations in the nuclear field cover:
- The production and use of nuclear energy.

-~ The construction and ‘operation of" installations required for
that purpose. -

- Protection against.the hazards of ionizing radiation and of
uncontrolled energy releases.

- The disposal of radioactive substances,

The regulations relating to the first three points concern all
nuclear activities and apply to radiocactive waste management in
particular. This being the case, waste processing installations,
for example, are subject, like other nuclear installations, to a
procedure under which & construction permit and an operating
licence are granted. Such permits and licences specify the
.conditions which must be met.in respect of operating safety and
protection of the public and the environment,

The fourth point, on the other hand, necessitates the adoption
of additional specific structures* and arrangements in view of
the permanent nature of disposal. The safety of waste disposal
" is based on the conceépt of "multiple barriers”, developed at
4international level; according to this concept, the radicactive
packages to be disposed of (the conditioned waste), the reposi-
tory installation (mine, cavern, trenches, etc.) and, to an
‘extent appropriate to the radicactive lifetime of the waste, the
geological formatfon accommodating the repository (salt, crys-
talline, clay and other formations) must all perticipate in
confining the radicactivity which the waste contains. The
design, . the setting-up and the monitoring of such a system,
" which must remain effective for several centuries (in the case
of low- and medium-level waste) to several millenia (in the case
‘of alpha and high-level waste and of spent fuel), must be based
on adequate structures and arrasngements in the Member States,
and these are examined below.

* The structures wﬁich. in the variouh Member States, are associa-
ted with the use of nuclear energy in general and with radiocac-
tive waste nanascment 1n particular were ‘briefly described in

tha 1983 report.
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v.2. Hanagément struétﬂres

Since the very nature of radioactive waste requires that it be
isolated from the biosphere for long perioda, public bodies or
undertakings have beén made responsible fér waste management,
The accumulation of radioactive waate over several decades,
particularly in certain Member States with nuclear power pro-
grammes, has prompted those States to set .up executive bodies
responsible Bpecifically for the storage and/or disposal of all
or gsome of the radioactive waste, that 1s to say, for the
design, the setting-up and the monitoring of the relevant system
(see Section IV.l., above). Note should be taken, in particular,
of the creation, since the publication of the 1983 report, of
the "Centrale Organisatie Voor Radiocactief Afval™ (COVRA) in the
Netherlands in December 1982 and of the “Empresa Nacional de
Residuos Radioactivos, S.A." (ENRESA) in Spain {n July 1984,

The extent of the tasks of these bodies varies with the level of
nuclear development 1in the countries concerned and with the
policies on radioactive waste management implemented by the
governments.,

In the Netherlands, for example, where the nuclear industry is
not very extensive and the national policy 18 to store all
categories of waste provisionally for a period of 50 to 100
years, the present task of COVRA {s to manage low- and medium-
level waste with a view to storing it for lengthy periods.
Preparations are being made for the long-term interim atorage of

"high-level waste.

On the other hand, {n Belgfum, France, the Federal Republic of
Cermany and, quite recently, in Spain, national agencies and a
federal body have been given wider responsibilities in order to
determine what conditions are required for the safe disposal of

.waste produced by more developed nuclear indUstriga.

In the United Kingdom, where the Governement decided in 1982 not
to dispose of high~level waste until periods ranging from 50 to
100 years had elapsed, NIREX is responsible mainly for the
disposal of low- and medium-level waste,

This situation 1a summarized 1n ‘Table 1V. l.. It can Be seen
that:

- Community Member States with nuclear 6owcr programmes are

faced with {dentical problems and have adopted similar
approaches in order to cope with thea, Nowadays. all these

States possess executive bodies or féggnciea to which the
tasks of mapaging all or part of the radioactive wvaste and,
in pnrticular, of diaposiqugfiit have been assigned.

- The. charactaristica of the atructures which have been set up

vary - from. one.. ‘Member State to another (legal status and
extent of tasks) so that the ‘gpecific needs of each country
can bo net in the nost cffectlve manner,




TABLE IV.1.

E-Execﬁtive bodies responsible for all or part of

radioactive waste management

in the Community Member States
(see Annex for reaning of acronyms)
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Atomic Energy Commission
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(1) Solely in the ‘case of low~ and medium-level waste.
he case of interim storage of low- and medium-level waste at present; preparations for the storage of high-level vaste are

-}. in progress, e T

5(3)4Solely. in the case. of low- and medium-level waste and alpha waste. -




- several other countries with a view to its adoption,

. the. cessation- *in~~1983 ‘of - gea dumping of such waste (volume
..j,;reduction.epackagins»etandardizetion.
*?etorage Yo

- In every case. the Stete assures’ permanent responsibility in
the field of radiocactive waste disposal, either directly, or
by .participating, even symbolically* in the abovementioned
bodieso

In view of their common objectives and characteristics, these
bodies or agencies have been holding joint meetings regularly
twice a year since 1985 in order to exchange information and,
wvhere necessary, ‘confer on matters of common interest within the
framework of the Community plen of action in the field of
radioactive waate.r

Atrangements to ensure aafe disposal of radiocactive waste

Thege arrangemente are to large extent still at the development
stage, since the disposal of high-level waste (or, 1in certain
cases, spent fuel) will not be practised in the Community until
the next century, and surface storage, which has been practised
in certain Member : States for . decades, 18 being studied in

Most of these arrangements concern the components of the waste-
containment system described earlier om, that is to say, the
radioactive packages, the dfsposal installation and the host
geological formation,

Arrangements relating to radioactive packages,
The situation in the Community is described below (it will be
seen that the development and application of technological
treatment and conditioning processes is generally left to
industry). :

In Belgium. ONDRAF/NIRAS, a public body set up in 1982, has been
assigned the task of managing radioactive waste from the moment
it leaves the production site..The reaponsibilities of ONDRAF/-

NIRAS relate mainly to .two areas:

Seeking and propoeing to the competent authorities the most
suitable systems for the management and disposal of the

waste produced in Belgium. ‘{

.' ""1.

- 'Ensuring thet the resourcea required to carry out the
 various ‘stages of - _waste, manegement properly (transport,
'treatment/conditioning. temporary storage pending disposal)
. are used -in‘'compliance ‘with the procedures and specifica-

" tions’ drawnﬂup An egteemen: vith the authorities,

;o} "‘l

As regarde theﬁlatter area. ONDRAFINIRAS has hitherto concentra-
ted -on" teadapting “the . nanagement of low-level waste following

conetruction of temporary

facilitiee. et;

i

a:$odyheet up in 1982 by the

Thie~iewthe case %

nduntryﬁ*it wae transformed into a compauy
&Nirex.nLtd)iin ~1985, ywith syumbolic government
to'ecknovledgo thewlong-term nature and
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‘technica'“gdidea to' be used by

A programme for the qualification of treatment/conditioning
processes and for the characterizatfon of conditioned packages
for the various categories of waste produced is also being
{mplemented.

In Denmark, the Nuclear Inspectorate* 1ssues rules concerning
the types of container, the permissible quantities of fissile
materials, the external radfation levels, etc., which are
applicable to the products to be stored. The Riséd Centre defines
the waste acceptance conditions with a view to waste Btorage at
Riséd. Such a simple scheme is suitable, since Demmark has no
nuclear power programme, '

In France, within the framework of the basic safety rules issued
by the Central Service for the Safety of Nuclear Installations
{SCSIN) on behalf of the Ministry of Industry, ANDRA lays down
the regulations governing the aperation of disposal centres and
those applicable to specific waste categories. These hasic
rules** get out the general principles aspplicable to the produc-
tion, treatment, control of conditioning and temporary storage
of the various types of solid waste produced by the reprocessing
plants, the special conditions which apply to vitrified waste
and waste encapsulated in bitumen or in cement and the condi-
tions that must be fulfilled before such packages are accepted
for disposal. On the basis of these rules, ANDRA defines the
conditions for the acceptance of waste in the disposal centres
which 4t manages and, in particular, the associated quality
control tests.

In Greece, radiocactive waste is produced mainly by the Demokri-
tos Repsearch Centre, and by hospitals and educational and
research institutes where radiocactive materials are usged. Where
radiation protection is concerned, the law which sets up the
Greek Atomic Energy Commission and the legislation concerning
the granting of permits to construct nuclear installations also
govern the safe management and disposal of radioactive waste.
Supervision is exercised by the ministries concerned in coopera-
tion with the Greek Atomic Energy Commission and the Demokritos
Centre. Waste which is considered under the regulations to be
too radioactive for disposal with non-radioactive waste, is
stored at ‘the production site., Certain types of waste are
transported to the Demokritos Centre for appropriate condition~
ing and gtorage. Since Greece produces only small quantities of
wasgte, a’ diaposal site has not yet been opened up in that
country.'v SR

In - Ireland., the Nuclenr Energy Board 18 responeible under
Statutory . Instrument 166/1977 for regulating the storage and
disposal  of .radioactive. waate ariaing from industry. rerearch
laboratories and hospitals.;:

In Italz. tha vaate producer must submit a "qualification and
control,programme" .to -the .Directorate for Nuclear. Safety and
n¥Protection ; (DISP) -of . the .ENEA . (vhich prepares the
~tha legnl authority. the Ministry

e
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operate an installation for the treatment and/or conditioning of

waste. The programme must show that the products obtained will

satisfy the quality requirements and criterfa set out in DISP

Technical Guide No 26 before they can be stored or disposed of.

Such proviasions have so far been adopted only for low-level
- wagte,

iy
e o e

In the Federal  Republic of Germany, the PTB {Physikalisch
Techniéche Bundesanstalt), which is a Federal body, was assigned
responsibility under the Atomic Energy Law of 1959, for the
safekeeping of nuclear fuel and for {ssuing permits for the
storage and transport of such fuel. A further important task was
assigned to the PTB under the Law of 1976, which amends and
supplements the Atomic Enérgy Law of 1959: responsibility for
the construction and management of Federal installations for the
long-term storage and disposal of radiocactive waste.
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The PTB acts under the technical supervision ("Fachaufsicht") of
the Federal Minister for the Environment, Nature Conservation
and Nuclear Safety and by agreement with the Miniater respon-
sible for nuclear technology (Federal Ministery for Research and
Technology), when conducting R&D activities relating to the
disposal of radicactive waste. The PTB may delegate to third
parties the tasks of constructing and operating Federal facili-
ties for the interim storage and disposal of nuclear waste.
Responsibility in this area has accordly been assumed by the DBE
(Deutsche Gesellschaft zum Bau und Betrieb von FEndlagern fiir
Abfallstoffe mbil), which was set up in 1979 for this purpose as
a company under the direct supervision of the Federal authori-
ties,
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In the United Kingdom, waste producers must demonstrate that the
treated waste can be disposed of in compliance with the condi-
tions laid down by the Department of the Enviromment (DOE) in
1984*; they must also demonstrate that the treatment installa-
tion and the associated temporary-storage structures meet the
requirements of the Nuclear Installations Inspectorate. The
waste producers are responsible for quality assurance in all
waste treatment and ‘conditioning dinstallations; however, the
regulatory authorities can request that independent inspections
be carried out; the DOE is at present developing the capacity to
carry out such inspections on radiocactive packages before their
disposal,

e

In Spain, the Ministry for Industry and Energy 1s the authority
which prepares legislation and regulations and issues permits
and licences for nuclear installations, in particular those for
the storage and disposal of waste. The sole competent authority
in the fileld of nuclear safety and radiation protection ias the

Consejo de Seguridad Nuclear (CSN) from which the Ministry must
request a aafety report for the licensing of a nuclear installa-
. tiony: any “decision. baaed .on ‘that’ report, if unfavourable, 1is
_binding;aThe CSNlia also entitled to’ propoae to the Ministry of




BI

- &8 -

It can be seen that the purposes of all these measures is to
ensure that the radioactive packages to be disposed of at a

given site fully meet the safety requirements,

Where the EBuropean Community is concerned, efforts are bheing
made to harmonize inspection procedures for packages, test
cond{tions, quality criteria and procedures for the quality
control of products and their packagings under point 3 of the
Community plan of action in the fileld of radiocactive waste,
These harmonization activities are backed up by coordinated
experiments in all the national laboratories concerned which are
financed under the Cormission's R&D programme.

Arrangements relating to disposal installations and the pgeologi-
cal formations accommodating them.
The situation today 18 as follows:

Geological formations and site selection

The R&D programmes undertaken over the last 10 to 20 years, at
both national and Community levels, now clearly indicate that:

- several types of geological formation are capable of accom-
modating deep repositories of radicactive waste;

- 'the choice of the precise locality of the repository, that
is to say, the choice of site, is just as important as the
choice of formation,

The, procedures for selecting a disposal site for radioactive
waste which have been adopted by the Community Member States are
based on the scheme proposed by the International Atomic Fnergy
Agency (IAEA):

- general survey,
- preliminary identification of sites of interest,
~ s8ite confirmation.

The executive bodies described in Section 1IV.2., are generally
responsible for implementing that scheme and for submitting the
final file to the competent governmental authorities for their
decis{on. Furthermore, each phase is developed with the agree-
ment of the authorities and in accordance with each State's own
provisions governing information for, and consultation with, the
public. '

The decision concerning the site is taken on the basis of a
number of fundamental - scientific and technical principles such .
“as’ those'proposed by. the " Commission of the European Communi-
ties,* ‘to- which -are added economic and socio-political conside-
rations ‘that~apply to ‘eachState individually; in view of the
extremely ‘wide ariety ‘of, spacfic ‘conditions that can arise, it
' if _not, unreasonable. to define detailed scien-

oy
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regardevthe basie‘qneliti»pfinciplee referred to above, harmoni-
zation -at Community level would be desirable, more especially
since 1tfa1ready exiete to some extent in practice.

Design, operation and shutdown of storage and disposal installa-
tione

Ae,has alneady been pointed out {Section IV,l.), the general
regulatory. provisions concerning nuclear installations apply to
installations for the storage and disposal of radiocactive waste.
However; additional provisions are necessary, since such instal-
lations have to confine the radiocactivity in the waste for
hundreds of years (in the case of low- and medium-level waste)
or thousands of years and more {in the case of alpha waste,
high-level waste and, possibly, spent fuel).

Such provisions already exist for surface disposal (in France,
for example) and are being prepared for deep geclogical dispo-
sal, which 18 not 1ikely to be practised before 1990 in the case
of the KONRAD installation (FRG) and before the ehd of the
century where the other facilities are concerned. The basic
principle adopted by the States which are most advanced in this
fleld (France, Federal Republic of Germany) is that the reposi-
tory must be intrinsically safe in the long-term, that is to say
that, at the end of the peried of repository operation (which
covers the shutdown operations, the plugging of the adccess
shafts*, etc.), the disposal conditions adopted must ensure that
the enviromnment and the publfic are protected without any need
for human intervention., However, certain countries make provi=
slon for a "period of supervision” after shutdown, during which
the measuring and monitoring systems are kept In service,

The present situation in the Member States concerned can be
summarized as follows:

In the Federal Republic ‘of Germany, where thes only concept
adopted is that of deep geologilcal disposal, the "safety crite-
ria for disposal of radioactive waste in a mine"** define quite
fully all the conditions to be met and the safety study which
mus: be submitted to the competent authorities.

In France, consideration is being given to two concepts: surface
disposal. (low= and medium-level waste) and deep geologlical
dieposal (high-level waste or waste containing :raneuranics), in
the':'cage’. of ‘surface ' dispoeal (see sectfon 1V.3), a '"réple

‘fondamentale*de sreté"k*x (basic safety rule) stipulates the

safety:: requirementa ‘agsociated with the varfous stages in the

lifetime of the surface: storage eite'

efiodiofneupervision, .
‘period, when the" ‘sites ara. re pened for publie use,
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Provigion 15 made for a haximum.period of supervision of 300

years, during which the weasuring and monitoring systems will be
kept in service, After that period has elapsed, and with due
regard to the radioactive decay of the radfonuclides, 1t should
be possible to return the sites concerned to the public domain.
As regards deep geological disposal, the Ministry of Industry
get up a working group in 1985 to be responsible for proposing
technical criteria for the selection of deep sites.

The agreement to open'a waste disposal installation is hased on
a safety analysis iIndicating, in particular, that any possible
radioactivity transfer to the biosphere is likely to have only
acceptable radtological consequences, and a study on the envi-
ronmental impact of the planned installation, associated with a
public inquiry in the area concerned..

In Belgium, provisions similar to those which exist or are in

preparation in France and the Federal Republic of Cermany are
under study. A preliminary report on the safety and feasibility
of a system for the disposal of high-level waste and alpha waste
in a deep~lying clay formation is being prepared. That report,
which is based mainly on the result of R&D work carried out by
CEN/SCK (Mol) as part of the HADES project, will be submitted to
the authorities for examination with a view to obtaining an
agreement in principle on the system under consideration.

A study prior to the selection of sites for the surface disposal
or shallow burial of conditioned slightly active waste has heen
set in train., llere again, the choice of one or more sites will
have to be followed up by the preparation of a preliminary
report on the safety and feasib{i{lity of a burial concept, which
. will be submitted to the authorities for examinatfon and their
opinion.
¥ . .
In the Netherlands, a document on radicactive waste manapement
_ policy drawn up in 1984 by the Government makes provision for
. the surface interim storage of all categories of waste on a
single site over a perifod of 50 to 100 years. In consequence,
the regulatory provisions do not concern the geological barrier
{wvhich would be pointless in this case), but deal mainly with
site selection. A site selection committee (the LOFRA Committee)
had prepared proposals to the Government in October 1985, which
left COVRA free to choose between three sites: COVRA selected
the Borssele site. The final procedure requires that an environ-
mental-impact study be submitted. The public participates in the
process through hearings. Studies are under way on definitive
disposal in deep-lying geological formations in the Netherlands
(salt)'Or in cooperation with other countries.

In- talz. rescarch waa recently conducted by ENEA on the selec-
tion of aites for su;face dispoaal.

;'fh'the United Kingdoﬁ.jatudias on optimum strutegiea for the
: .;mnnageman: of; radiocactive: waste in that country indicated the
' ’,neidﬂfo and; factli:ies close to the surface for the disposal
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publigshed In 1985 hy the Covernment, and every new disposal
installation must comply with them, These principles, of. course,
require that a multi-barrier approach be used and specifv the
level of radifological risk that must not be exceeded by the
disposal system as a whole, NIREX has to carty out a detailed
geological study of each new potential site and submit a safety
analysis to the c¢ompetent governmental bodies, before a public
enquiry 1s conducted. The Départment of the Environment then
ensures that an independent safety assessment is made “before
authorization to operate the disposal facility is pranted

In Spain, ENRESA is responsible for the management and disposal
of . radicactive waate. !'nder its statute, it must submit by
‘mid-yeat an annual "Plan.General de Residuos Radioactives" for
Government approval. Shallow burial {s being considered for low-
and medium-level waste and deep geological burial for high-level
and long-lived waste, Radicattive-waste storage facilities arve
subject to the laws and regulations applicable to nuclear or
radiologlical installations.

Finally, 1in the context of the Furopean Community as a whole,
‘the PAGIS project (Performance Assessment of CGeological lsola-
tion Systems),  which has been under way since 1982 as part of
the Commission's R&D programmes on radicactive waste management
with the participation of all the Member States concerned, has
already contributed in large measure in phase T (1982-84) to the
harmonization of methods for the analysis of risks associated
with deep geological disposal; during its final phase (1987-88),
the project will &lso provide for consultations to he held at
Community level in relation to the criteria to adopt for assess-~
ment purposes, »

Financing

The general principle that the polluter (producer of waste) has
to pay for the pollution he creates (the waate), which 1s known
as the "polluter pavs principle", forms the basis for action hy
the Member States of thé European Communitv in financing .the
management and disposal of radicactive waste. This principle has
been 1incorporated into the laws of several countries (Belgium,
Spain,  France, Federal Republic of Germany), and the exzecutive
bodies or national agencies :referred to in Section IV,2, are
financed, at least in part, through payments made by the waste
producers.

Such financing can be achieved in a number of weye, for example,
by subjecting the operators- of nuclear power stations to a legal
obligation to pay fixed sum to the abovementioned bodies, or by
setting up.a fund to be financed by the operators as a means of
covering current and future expenditure.

X
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The objective of n11 theee measures is “to achieve a compromise
- between "the ,most. realietic possible financial assessments and

" the ! need to Eiuance the manegemen:. and particularly the dispo-




the financial {mpact of radiloactive waste management on the cost
of a kWh {g of the order of a few percent, The greater part of
this cost 1s attributable to the disposal of long-lived and
high-activity waste (or spent fuel) {n deep-lying geological
formations, which was described in Chapter 1I1%,

Conclusions

- In the Memher States of the Furopean Community, safe radio-
active waste disposal 1s based on the concept of "multiple
barriers", on which consensus has been reached at interna-
tional level and which is backed up by the Community's Ré&D
programme. This concept requires that the radioactive packages
to be disposed of, the repository. itself (mine, cave, trench,
etc.) and, to an extent appropriate to the radiocactive 1ife-
time of the waste, the geologlienl formation accommodating the .
repository must all participate in confining the radioactivity
in the packages. That coufinement svatem must remzin effective
over very long periods,

The Governmental bodies 1in the Community countriecs concerned
have laid down basic principles, repulations and criteria-
poverning the effectiveness of the confinement system compo-
nents in the case of surface disposal and are in the process
of preparing such provisions for application to deep geolo-
pical disposal, which 1s not likely to be practised before the
end of the decade (in the case ol the KONRAD installatien) or
at the end of the century. The R&LD programmes which are bheing
implemented at hoth national and Community level provide the
support necessary for such development work.

HHarmonization of thesge provisions at Community level is desir-
able, but, in view of the fmportance of the disposal site and
of its specific characteristics to the safety of the confine-
ment system, is not always possilile to achleve. The Community
R&D programme and the Plan of nction in the field of radio-
active waste are contributing to such harmonization,

Participation by the public in the declsion-making process in
respect of the setting-up of installations for the storage and
disposal of rudioactive waste 18 guaranteed by law in all
countries. -

'In4a11 Community Member States which possess nuclear power
 programmes, the development and application of disposal
.. methods and the design and operation of the associated confi-
ﬁ'nement‘systems are nowadays .entrusted, either wholly or in

! part,’  to.executive bodies (Agencies or the like} in which the

‘States ' are shareholders - even in a symbolic capacity - so

-that the requisite permanence of the undertaking can be

guarnnteed.

intended ‘to cover the diaposal of waste

£ y' several ' dozens . nuclear power stations with =a

f 1000 MWegeach throughout their operating lifetimes,
over 40 to. 60 yeara.




It 18 hence evident that appropriate structures and arrangements
for the safe storage and disposal of radiocactive waste exist in
the Community Member States concerned and have been undergoing
further development over the last few years. This development
work must be continued with all the requisite vigour, at natio-
nal, Community and international 1level, so that {t will be
possible to set up the administrative, legal and financial
framework which is indispensable if future disposal operations
are to be carried out as safely as mankind has the right to
expact,
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ANNEX T

1ist of abbreviations

AFR Away from reactor '
AGR Advanced gas-cooled reactor
ALARA As low as reasonably achievable
ANDRA Agence Nationale pour la Gestion des Déchets Radloactifs
S e AR AL reactor site
g r AVM Atelier de Vitrification de Marcoule
Q! B Belgium
e BWR Boiling-water reactor
W CEGB Central Electricity Generation Board
% CEN/SCK Centre d'étude de 1'énergie nucléaire/Studiecentrum voor
: Kernenergie
COVRA Centrale Organisatie voor Radioactief Afval
4 CSN Consejo de Securidad Nuclear
1 D Deutschland
4 DBE Deutsche Gesellschaft filir den Bau und den Betrieb von
"3 Endlagern fir Abfidlle
4 DISP Direzione Sicurezza e Protezione
- DOE Department of the Environment
& DWK Deutsche Gegellschaft fiir die Wiederaufarbeitung von Kern-
E * brennstoffen _ ‘
: 3 ENEA Comitato Nazionale per la ricerca e per lo sviluppo
§§ dell'’energia nucleare e delle energie alternative
ﬁ’#} ENEL . Ente Nazionale per 1'Energia Elettrica
R ﬂﬁ FNRESA Empresa Nacional de Residuos Radiocactives, S.A.
e g? E Espana
ﬂ;_i\ F France
,wQQ%& FBR Fast Breeder Reactor
A FRG Federal Republic of Germany
y GBq Giga-Becquerel
GCR GCas-cooled reactor
" GGR Gas~-graphite reactor
GWe - Flectrical Gigawatt
HADES High Activity Disposal Experimental Site
HMT Hahn Meitner Institut, :
" TAEA International Organisation for Atomic Energy
28 KfK Kernforschungszentrum Karlsruhe
A %, KWh Kilowatt-hour .
1 ' LNETI Laboratorio Nacional de Enghenaria e Tecnologia Industrial
LOFRA Cie Locatiekeuse Opslagfaciliteit Radioactief Afval
-LWR Light-water reactor
‘MTHM Metric tonnes of heavy metal
MTR Material Test Reactor
MWe Electrical Megawatt .
NIRAS Nationale Instelling voor Radioactief Afval en Splijtstof-
eyclus .
-~ NIREX * Nuclear Induatry Radioactiva Waste Executive
..NL . Nederland:: i

NPH Nouvelles. piscines de la Hague
NUCLECO .- Nuélenre-Ecologla’six - : ‘

‘OECD . - Organiaation’for Economic Co-operation nud Development
‘ONDRAF . Organiame N des Décheta Radioactifs at des Hatiorea

Fiseiles
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PAMELA
PTB
TWR
'L R&D
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. SCSIN
SIXEP
. THORP
THTR
UK
- UNGG
| WAW
wvp

AR AR

X !'_.\Tzv-r-x-'ﬁ'

!.

Performance Assessment of‘Geological Ieolation Systems
Pilotanlage Mol zur Erzeugung lagerfidhiger Abfﬁlle
Physikeliech-Technische Bundesanetalt
Pressurised-water. reactor
Research and’ Development :
Régles Fondamenteles de %ureté JEAM:

Service Central de Sureté des Inetallations Nucléaires
Site Ion Exchange’ Effluent ‘Plant’.
Thermal Oxide Reproeeesing Plant "
Thotiun—ﬂochtempereturreektor -
United Kingdom ... -0 .0
Uranium Natural Gas Graphite.. B
w1ederaufarbe1tungsanlage Wackersdorf
w1ndecale Vitrification Plant -






