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At the request of the Steering Committee for Nuclear Energy, this report has
been prepared by the Radioactive Waste Management Committee (RWMC) of
the OECO Nuclear Energy Agency, to clarify the meaning of the term
"demonstration" when applied to the long term management of high level
radioactive waste. Such an international consensus on what would constitute
a valid demonstration programme in this area will promote a better
understanding of the issues involved, and contribute to presenting me
associated R & D activities carried out at national and international level in a
global and rational context.

The RWMC, as an international committee composed of senior government
experts in this field, was particularly well-placed to present this question in an
appropriate perspective. Working in close co-operation with the NEA
Committee on Radiation Protection and Public Health and specialised
sub-groups, the RWMC draws on the best international expertise, and
oversees NEA's efforts in the field of radioactive waste management. This
includes notably the review of developments in the technology of treatment,
storage and disposal of radioactive waste, the discussion and evaluation of
results from research work and the dissemination of information in this
field.

In April 1983, the Steering Committee reviewed the conclusions reached by
the RWMC and agreed that they should be published.
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SUMMARY

The "demonstration" of the safe management of high level radioactive waste is
often regarded as a prerequisite for the further development of nuclear energy
programmes. It is therefore essential to be clear about both the meaning of the
term "demonstration" and the practical means to satisfy this request,
particularly with respect to long term aspects of waste disposal. This
document attempts to respond to these points and to define the background
against which the issues involved should be considered.

In the complex sequence of operations necessary to the safe management of
high level waste, short term activities can be directly demonstrated in the
sense that the successful operation of representative facilities constitutes
adequate proof of their feasibility and safety. For longer term activities, such as
the long term isolation of radioactive waste in deep underground structures,
demonstration must be indirect. The "demonstration" of deep underground
disposal for high lev«i radioactive waste involves two steps:

• one direct, to prove that the system could be built, operated and closed
safely and at acceptable costs, using available mining and engineering
experience; this may involve designing and building one or more experi-
mental facilities or structures of appropriate dimensions; and

• one indirect, to make a convincing evaluation of the system's performance
and long term safety on the basis of predictive analyses confirmed by a body
of varied technical and scientific data, much of it deriving from experimental
work.

The assessment of the evidence collected from current operations, existing
experience it; related fields and specific research and development activities,
calls for specialized scientific expertise. Uncertainties in far future situations
and probabilistic events will always exist, but they can be taken into account in
a scientific assessment which can still provide a basis for long term
predictions. As is traditional in such circumstances, competent national
authorities will have to satisfy themselves that the proposed waste
management solutions can meet long term safety objectives. An element of
judgement will always be needed in determining the acceptability of a waste



disposal concept. However, the level of confidence in our ability to predict the
performance of waste management systems will increase as supporting
evidence is collected from current research and development activities and as
our predictive techniques improve, indicating clearly that an 'indirect'
demonstration has the potential to provide the assurance required.
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THE MEANING OF "DEMONSTRATION"
IN THE LONG TERM MANAGEMENT OF HIGH LEVEL

RADIOACTIVE WASTE

1. INTRODUCTION

The further development of nuclear electricity generating programmes is
sometimes delayed by the lack of satisfactory evidence or a "demonstration"
concerning the safe management of high level radioactive waste. The prior
"demonstration" of the feasibility and long term safety of waste disposal
concepts is in fact often regarded by political authorities as a prerequisite for
further nuclear energy activities. Without entering into socio-psychological
and political considerations, there is apparently a need to clarify the situation
with regard to both the meaning of the term "demonstration" and the practical
means to fulfil the requirements of a satisfactory evaluation of the long term
management of radioactive waste.

2. "DEMONSTRATION" AND RADIOACTIVE WAST£
MANAGEMENT

For a scientist involved in fundamental research work, a "demonstration" in the
strict sense of the term is the verification by experiment of one or a set of
assumptions. Such verification conveys the notion of proof of the validity of a
scientific hypothesis or theory, which is then transferred to the domain of
universally established facts. In applied sciences, the meaning of "demonstra-
tion" is certainly less clear and may incorporate, in addition to purely scientific
considerations, many other factors such as engineering competence, quality of
construction, skill of operators, what is in general called "know-how". It often
takes the form of a challenge to prove man's ability to achieve a technological
innovation, involving a complex relationship between various types of
element, technical and human, all of which contribute to the success of the
enterprise. Choices among technical alternatives, personal judgements and



common sense are necessarily part of the process and make a definition of
'demonstration' somewhat less precise.

In practice, the meaning and purpose of a 'demonstration" exercise will be
closely related to at least one or two basic motivations, such as for example to
prove the technical reliability and economy of a new industrial process for the
fabrication of a given equipment or to prove the feasibility and safety of a given
technology. In particular, when safety is of primary concern, predetermined
safety objectives and criteria may already exist and have to be met. The
purpose of a "demonstration" will be, in this case, to provide convincing
evidence that safety concerns can be adequately addressed and all regulatory
requirements fully satisfied. "Demonstration" is therefore part of an adminis-
trative and regulatory process, and may consist of a detailed reference safety
documentation incorporating the results of previous experiments, past
operational experience providing a basis for quality assurance, as well as all
safety related studies and analyses. A direct "demonstration" may not be
necessary in all situations.

For radioactive waste management, the situation is not basically different. We
are confronted with a complex set of activities and stages governed essentially
by scientific and technical considerations and concerns for man and the
environment, all strongly related to the radioactive nature of the waste.
Various international studies have described all the facets of radioactive waste
management and there is no attempt in this report to repeat them [ 1 , 2, 3, 4 ] .
However, given the complexity of waste management operations, it may be
appropriate to recall a few basic considerations in the management of high
level radioactive waste, which will be used as an example to illustrate this
discussion. These wastes, originating from the reprocessing of spent fuel
elements, are possibly the most challenging type of radioactive waste to
manage and dispose of in view of their high radioactivity and heat output and
content of long-lived radionuclides.

A first series of waste management operations takes place within a relatively
short period of time after production of high level waste. It includes:

• preliminary storage in liquid form in specially designed tanks;
• high level waste solidification, for example by incorporation in a glass

matrix; and

• subsequent storage, possibly for several decades in a monitored facility.

This first sequence of operations represents by definition a temporary step.
The emphasis is placed on active control by man to ensure a satisfactory level
of safety. This then leads to the second and ultimate phase of high level waste
management: the disposal of high lev&l waste. All proposed options aim at the
long term passive containment and isolation of the radioactivity in such
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conditions that any return of the radioactivity to the biosphere, if it happens,
should not in the future present a risk to human beings or the environment
greater than that we would be prepared to accept today. For this purpose,
totally passive isolation in suitable geological media is the most favoured
concept. For example, high level waste emplacement in deep mined
repositories or boreholes provides more than adequate shielding against
radiation, offers suitable containment notably with the help of additional
engineered barriers to prevent or limit migration, absorbs and disperses the
heat produced by decay of the radioactivity, decreases the likelihood of
inadvertent intrusion by man and essentially rules out the possibility of
malicious intrusion. Being passive, deep underground disposal systems would
not depend on human involvement for continuing security. It is obvious from
this approach that a great deal of confidence is placed on the ability of selected
geological environments to contain waste such that it would remain
undisturbed over a long period of time.

The level of technological development is very different for each high level
waste management stage, reflecting the progressive development of this part
of the nuclear fuel cycle and the relatively long intervals between each stage in
an optimum management of the waste. In particular, it is unlikely that high
level waste will actually be disposed of before at the earliest the end of the
next decade. Therefore, depending on the level of development of these
stages, the "demonstration" may need to address both the issue of the
feasibility of th«? system and its safety aspects. In addition, it may take a
different form, depending on whether these safety aspects are related to
operational and short term activities or whether they concern the very long
term.

It is possible, for instance, to "demonstrate" in a direct way the satisfactory
operation, from the safety standpoint, of a high level waste solidification
facility and a storage installation, on a representative scale and over a limited
period of time, say a few years. This is a direct demonstration which for all
practical purposes has already been achieved, notably in France, through the
successful operation of the AVM industrial solidification plant and its
associated storage facility at the Marcoule Centre over the last five-year
period. On the other hand, for waste isolation over the very long term,
"demonstration" has necessarily to be seen in a different way in view of the
time factor. A direct demonstration of such a disposal system would require
practical experience over a period equivalent to that for which the system is
designed to contain the radioactivity. Since the objective is precisely to ensure
geological isolation over a considerable length of time, at any rate in terms of
human lifespan, it is obviously impossible to envisage a direct demonstration
over so long a period based on any "a posteriori" proof of safety.
"Demonstration" of high level waste disposal must therefore be indirect and
based on a different approach. The collection of supporting evidence and

11



Figure) 1 . Storage of vitrified high-level waste
Steel canisters of radioactive waste from 5 years of operation of the AVM vitrification plant at
Marcoule (France) are stored in dry air-cooled wells under the floor of the storage building (CEA,
France).



preparation of a predictive safety assessment can constitute an indirect
demonstration of this type and provide the degree of confidence required.

In practice, there is only one possible approach to "demonstration" of a deep
underground disposal facility in a suitable geologic medium. This includes two
steps:

• to prove that the facility could be built, operated and closed safely and at
acceptable costs, usinp available mining and engineering experience; this
may involve designing and building one or more experimental facilities or
structures of appropriate dimensions, and

• to provide indirect proof by preparing a convincing evaluation of the
system's performance and long term safety on the basis of predictive
analyses confirmed by a body of varied technical and scientific data, much of
it deriving from experimental work.

Predictive analyses are increasingly used as scientific tools to foresee the long
term behaviour of individual system components, as well as the long term
behaviour of the disposal system as a whole. Backed by results obtained from
field experiments and other domains of science such as geology, hydrology,
the study of natural historical evidence and archeology, such "system
performance assessments" have the potential to provide indirect proof of the
suitability and long term integrity of the systems proposed for the ultimate
containment of high level waste. Based on this approach of an indirect
demonstration of waste disposal, the next section elaborates on the technical
aspects of the work needed to support it.

3. SUPPORTING RESEARCH AND DEVELOPMENT ACTIVITIES

Research activities on long term isolation of high level waste have increased
considerably since the mid 70s, focusing on geologic disposal on land [5] .
Emplacement in sediment layers under the ocean bed is also being
investigated through a jointly co-ordinated effort of a few NEA Member
countries. All these studies look into both the feasibility and long term
performance assessment aspects of disposal systems.

3.1 Feasibility Studies

As mentioned above, there is already considerable experience available from
conventional drilling, mining and engineering, which is of direct relevance to
the design and construction of deep underground repositories located at least
a few hundred metres below the surface, in addition specific research and
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Figure 2. Emplacement of encapsulated spent nuclear fuel deep underground

The Climax mine in the USA has been used to demonstrate the capability to handle and package
spent fuel, and to emplace it in storage holes about 400 metres below the surface in crystalline
rock (DOE. USA).

development activities should be, and are being, carried out to complement
this experience. They include:

• development of waste forms and packages suitable for disposal;

• detailed site investigations to obtain an adequate understanding of the local
geology and hydrology for design and construction of a repository;

• development of safe handling, transport and emplacement techniques,
adapted to each type of host rock and disposal concept;

• development of techniques for plugging boreholes and shafts and sealing
excavations.

Many of these activities are host rock and site specific, and often are best
carried out in specially designed test facilities or underground laboratories. A



number of these already operate or are under construction in several countries.
International co-operation in research plays a useful role in this field through
such activities as the International Stripa Project in Sweden sponsored by
NEA, bilateral activities and CEC programmes.

Feasibility studies are already at a relatively advanced stage for various
potential host rocks. For example, in situ work is carried out in salt (Denmark,
F.R. of Germany, United States), granite (Canada, France, Sweden, Switzer-
land, United States), clay (Belgium, Italy), basalt (United States), tuff (United
States), and information available so far suggests that there is no major
obstacle to the proper emplacement of solidified high level waste in suitable
geological environments at the required depth, either from the geotechnical or
economic standpoint.

Figure 3. Research on the safety of high-level waste disposal
The Stripa mine in Sweden is the site for joint research by NEA countries to investigate the
suitability of deep lying granite for waste disposal and the behaviour of radioactive wastes in this
environment (KBS, Sweden).



3.2. System Performance Assessment and Long Term Safety
Analysis

In situ experiments to investigate the technical feasibility of geologic disposal
also contribute useful data for safety analysis work. They notably provide data
on the chemical, physical and geochemical processes associated with the
migration of radionuclides, as well as on underground water movement which
might promote such migration.

As previously stated, demonstration of the safety of particular deep
underground disposal options over the many thousands of years for which
radioactivity persists must be indirect. It must be based on predictive
modelling of the behaviour of the radionuclides and their environment. A
number of prerequisites for such predictive modelling has been identified. They
include:

• a detailed knowledge of the local and regional geological environment;
• an understanding of the presence and movement of brine or water in the

host rock and overlying or surrounding areas;
• an understanding of the probable reaction of the host rock and local

hydrology to a temperature elevation associated with heat output of high
level waste;

• an understanding of the probable degradation of the engineered barriers, the
waste form and its packaging, within a specific geological and hydrologica!
environment;

• an understanding of the behaviour of radionuclides in the vicinity of the
investigated location, and in possible migration routes;

• an assessment of the risk of perturbation or disruption, including possible
future human intrusions, which may affect the capacity of a repository for
waste isolation and reduce the overall safety factor.

These items are often inter-related, and the assessment of their combination
constitutes the safety assessment of the integrated disposal system. In situ
testing will be essential for the acquisition of data of a specific nature on the
inter-relationships and this is the basis of many of the research programmes
which are underway.

A number of aspects of any comprehensive safety assessment will involve
some unlikely events in the future that may happen. A range of probabilities
may nevertheless be estimated for such events, and the consequences in
terms of release of radioactivity to the environment assessed in the light of
these probabilities. A wall designed repository in a deep geological formation
will contain radioactive waste for a very long period of time, aJthough some
unlikely scenarios resulting in earlier dispersion of radioactivity can always be
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Figure 4. Safety assessments of high-lav*! waste disposal

An example of a Canadian appmach to computer modelling of deep underground disposal in
fractured granite incorporating hydrogeological and chemical modelling. SYVACisa Code which
deals with parameter variations to assess the impact of uncertainties on the overall system
(AECL, Canada).
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imagined. Depending on their probabilities and likely consequences, some of
these scenarios may need to be included in the long term safety assess-
ment.

It must be stressed that predictive modelling and safety assessments of
disposal concepts are based on a scientific understanding of geological,
physical and chemical processes, validated as far as possible by observation
and experiment. The scientific supporting evidence comes from a wide range
of experiments, from laboratory scale tests to large in situ experiments. There
will, nevertheless, inevitably be uncertainties associated with any assess-
ments projected into the far future, and an element of judgement will always
be needed in determining the acceptability of alternative disposal con-
cepts.

4. ASSESSMENT OF THE EVIDENCE

Following the discussion above, it is obvious that short term waste
management operations as well as tepository construction and operation can
be "directly demonstrated", on the basis of the experience gained from
sufficiently representative test facilities. The feasibility of extrapolation to
industrial scale facilities would seem entirely reasonable and in some cases has
already been done.

The "indirect demonstration" of the long term safety and reliability of disposal
concepts for high level waste is practical but is not a simple or straightforward
process. System performance assessment calls for highly sophisticated
scientific techniques, and the results obtained will always leave room for
interpretation and judgement due to the uncertainties inherent in far future
situations and the introduction of probabilistic scenarios. This illustrates the
fact that, as in other endeavours, absolute safety does not exist and that
safety goals must be seen in the context of other human activities.

As is usual in similar situations, it will be the role of competent national
authorities to critically examine the scientific and technical evidence provided
for the long term safety and reliability of high level waste disposal concepts.
They will have to satisfy themselves that the nature and extent of this evidence
show a sufficiently deep understanding of the problems involved and that the
proposed solutions can meet long term safety objectives. The level of
confidence in our ability to predict the performance of waste management
systems, will increase as supporting evidence is collected from current
research and development activities and as our predictive techniques improve,
indicating clearly that an "indirect demonstration" has the potential to provide
the assurance required.
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Rua Senador Dantas 19 s/205-6. RIO DE JANEIRO GB.
Tel. 232.07.32
CANADA
Renouf Publishing Company Limited,
2182 St. Catherine Street West,
MONTREAL. Que. H3H 1M7. Tel. (514)937.3519
OTTAWA. Ont. KIP 5A6. 61 Sparks Street
DENMARK- DANEMARK
Munksgaard Eu-xirt and Subscription Service
35. Nerre Sogade
DK 1370 K0BENHAVN K. Tel. +45.1.12.85.70
FINLAND-F1NLANDE
Akateeminen Kirjakauppa
Keskuskatu I. 00100 HELSINKI 10. Tel. 65.11.22
FRANCE
Bureau dcs Publications de I'OCDE,
2 rue Andre-Pascal. 75775 PARIS CEDEX 16. Tel. (1) 524.81.67
Principal correspondam:
13602 AIX-EN-PROVENCE : Librairie de I'Universite.
Tel. 26.18.08
GERMANY - ALLEMAGNE
OECD Publications and Information Center
4 Simrockstrasse 5300 BONN Tel. (0228) 21.60.45
GREECE - GRECE
Librairie KaufTmann, 28 rue du Stade,
ATHENES 132. Tel. 322.21.60
HONG-KONG
Government Information Services,
Publications/Sales Section, Baskcrville House,
2/F., 22 let House Street
ICELAND -1SLANDE
SnaebjBrn JOnsson and Co., h.f.,
Hafnarstracti 4 and 9, P.O.B. 1131, REYKJAVIK.
Tel. 13133/14281/11936
INDIA - INDE
Oxford Book and Stationery Co.:
NEW DELHI!. Scindia House. Tel. 45896
CALCUTTA 700016, 17 Park Street. Tel. 240832
INDONESIA - 1NDONESIE
PDIN-LIPI, P.O. Box 3065/JKT., JAKARTA. Tel. 583467
IRELAND-IRLANDE
TDC Publishers - Library Suppliers
12 North Frederick Street. DUBLIN 1 Tel. 744835-749677
ITALY - 1TALIE
Libreria Commissionaria Sansoni:
Via Lamarmora 45, 50121 F1RENZE. Tel. 579751/584468
Via Bartolini 29, 20155 MILANO. Tel. 365083
Sub-depositari:
UgoTassi
Via A. Farnese 28, 00192 ROMA. Tel. 310590
Editrice e Libreria Herder,
Piazza Montccitorio 120.00186 ROMA. Tel. 6794628
Coslantino Ercolano. Via Generale Orsini 46. 80132 NAPOLI. Tel.
405210
Libreria Hoepli, Via Hcepli 5, 20121 MILANO. Tel. 865446
Libreria Scienlifica, Dott. Lucio de Biasio "Aeiou™
Via Meravigli 16, 20123 MILANO Tel. 807679
Libreria Zamchclli
Piazza Galvani I/A, 40124 Bologna Tel. 2373S9
Libreria Laltes. Via Garibaldi 3. 10122 TORINO. Tel. 519274
La diffusion! delle edizioni OCSE e inolire assicurata dalle miglion
tibrcrie nelle citta p:D importanli.
JAPAN-MFON
OECD Publications and Inrormalion Center,
Landic Akasaka Bldg.. 2-3-4 Akasaka,
Minato-ku, .TOKYO 10? Tel. 586.2016
KOREA-COREE
Pan Korea Book Corporation,
P.O. Box n° 101 Kwangwhamun, SEOUL. Tel. 72.7369

LEBANON - LIBAN
Documenta Scientifica/Rcdico.
Edison Building. Bliss Street. PO. Box 5641. BEIRUT
Tel. 354429 - 344425
MALAYSIA - MALAISIE
and/et SINGAPORE - SINGAPOUR
University of Malaya Co-operative Bookshop Ltd.
P.O. Box 1127, Jalan Panlai Baru
KUALA LUMPUR. Tel. 51425. 54058. 54361
THE NETHERLANDS - PAVS-BAS
Staatsuilgevcrij
Verzendboekhandel Chr Plamijnslraal I
Postbus 20014
2500 EA S-GRAVENHAGE Tel nr 070.789911
Voor bestellingen: Tel. 070.789208
NEW ZEALAND - NOU VELLE-ZELA NDE
Publications Section.
Government Printing Office Bookshops.
AUCKLAND: Retail Bookshop 25 Rutland Street.
Mail Orders: 85 Beach Road. Private Bag C.P O
HAMILTON: Retail Ward Street.
Mai! Orders. P.O. Box 857
WELLINGTON- Retail: Mulgrave Street (Head Office).
Cubacade World Trade Centre
Mail Orders: Private Bag
CHRISTCHURCH: Retail: 159 Hereford Street.
Mail Orders Private Bag
DUNEDIN: Retail: Princes Street
Mail Order: P.O. Box 1104
NORWAY - NORVEGE
J.G TANUM A/S Karl Johansgate 43
P.O Box 1177 Sentrum OSLO I Tel (02)80.12 60
PAKISTAN
Mirza Book Agency, 65 Shahrab Quaid-E-Azam. LAHORE 3
Tel. 66839
PHILIPPINES
National Book Store. Inc.
Library Services Division. P.O. Box 1934. MANILA
Tel. Nos. 49.43.06 to 09. 40.53 45. 49.45.12
PORTUGAL
Livrana Portugal. Rua do Carmo 70-74.
1117 LISBOA CODEX. Tel. !<-0!?2/3
SPAIN - ESPAGNE
Mundi-Prcnsa Libros. S.A.
Caslell6 37. Apartado '^23. MADRID-1 Tel. 275 46.55
Libreria Bosch. Rondj Umversidad II. BARCELONA 7
Tel. 317.53.08. 317.53 58
SWEDEN - SUEDE
AB CE Fritzcs Kungl Hovbokhandcl.
Box 16 356. S 103 27 STH. Regeringsgatan 12.
DS STOCKHOLM. Tel. 08/23.89.00
SWITZERLAND - SUISSE
OECD Publications and Information Center
4 Simrockstrasse 5300 BONN. Tel <O>28) 21 60 45
Local Agents/Agents locaux
Librairie Payol. 6 rue Grcnus. 1211 GENEVE 11 Tel. 022 31.89 50
TAIWAN - FORMOSE
Good Faith Worldwide Int'l Co.. Ltd
9th floor. No. 118. Sec 2
Chung Hsiao E. Road
TAIPEI. Tel. 391.7396/391 7397
THAILAND - THAILANDE
Suksit Siam Co.. Ltd.. 1715 Rama IV Rd.
Samyan. BANGKOK 5. Tel. 2511630
TURKEY - TURQUIE
KUllur Yayinlari Is-Tllrk Ltd. Sti
AtatUrk Bulvari No : 77/B
KIZILAY/ANKARA. Tel. 17 02 66
Dolmabahcc Cad. No : 29
BESIKTAS/ISTANBUL. Tcj. 60 71 88
UNITED KINGDOM - ROYAUME-UNI
H.M. Stationery Office. P O B. 276.
LONDON SW8 SDT. Tel. (01) 622.3316, or
49 High Holbom, LONDON WC1V 6 HB (personal callers)
Branches at: EDINBURGH. BIRMINGHAM. BRISTOL.
MANCHESTER. BELFAST.
UNITED STATES OF AMERICA - ETATS-UNIS
OECD Publications and Information Center. Stite 1207.
1750 Pennsylvania Ave.. N.W. WASHINGTON. D.C.20O06 - 4582
Tel. (202) 724.1857
VENEZUELA
Libreria del Este, Avda. F. Miranda 52, Fdificio Galipan.
CARACAS 106. Tel. 32.23.01/33.26.04/31.58.38
YUGOSLAVIA - YOUGOSLAVIE
Jugoslovenska Knjiga. Terazijc 27. P.O.B. 36. BEOGRAD.
Tel. 621.992

Les commandes provenanl de pays ou l'OCDE n'a pas encore designc de depositaire peuvent ctre adressces h :
OCDE, Bureau da Publications. 2, rue Andrt-Piscal, 75775 PARIS CEDEX 16.

Orders and inquiries from countries where sales agents have not yet been appointed may be sent to:
OECD. Publications Office, 2 rue Andre-Pascal. 75775 PARIS CEDEX 16.


